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1. INTRODUCTION

Introduction

Within the last few years, concern about the protection of the environment
has grown rapidly as it has become generally recognised that the steady rise
in pollution of all kinds cannot be allowed to continue indefinitely. The acous-
tic environment has likewise suffered from the increase in the use and power
of machinesin the workplace, increasing road traffic, larger aircraft, etc. To
combat this, many countries and communities have recently introduced legis-
lation making it a legal requirement to measure community noise levels, to re-
duce noise from vehicles at source, and to maintain acceptable noise levels             Oq
in factories to prevent hearing Ios~.

This activity has led to a greater appreciation of the benefits of a qui~.t en- 14~
vironment and a preference for quieter domestic products, if these are avail-
able. The quieter item therefore often has a sales advantage over its more ¢O
noisy competitor which may be reflected in the command of a higher price. ~
Economic advantages are also apparent in property values which are lower in
noisy areas than in quiet areas.

~’-/
The cost of insulating against the noise must also be considered. The con-

trol of noise is therefore of importance not only in the prevention of hearing            �~
damage and in providing an acceptable acoustic environment, but also from
the economic point of view.

The aim of acoustic noise measurement is to provide objective physical
measurements of noise which can be compared with predetermined criteria
in order to judge its acceptability. In order to ensure the quality and uniform-
ity of the measurement results as far as possible, the equipment specifica-
tions and the measurement procedures are subject to national and interna-
tional standards of various severities depending on the application. Standards
for survey methods are least strict, and laboratory methods for testing to
noise specifications and for research and development purposes are usually
the most exhaustive.

As in many other spheres of work, the quality of the result is governed to
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a large extent by the care and effort expended in obtaining it and the quality rently in use are defined and their development and areas of application de-
of the instrumentation used. There is no short cut. Instrumentation should be scribed. Criteria are defined in terms of these units at levels which have been
of high quality, and chosen carefully for the job to be done. It must be accu- shown to be accept.able from the point of view of annoyance, hearing dam-
rately calibrated, have the correct characteristics, dynamic range, frequency age, speech interference, etc. Practical cases using I.S.O. procedures as ex-
range, and accuracy, and the measurements should be carried out in a man- amples have been included to demonstrate the techniques.
her which minimises the influence of wind, reflections, ground absorption,
etc. on the results. Only in this way can the noise engineer, acoustician, or Chapter 4 describes noise measurement instrumentation and general meas-
health officer have faith in his data. urement and analysis techniques, beginning with simple sound level meters

and filter sets and progressing through more comprehensive instruments to
The purpose of this book then is to lead the reader into the principles of analysis systems intended mainly for laboratory applications. The require-

noise measurement, the noise units, criteria currently employed, and BrLiel & ments for a basic sound measuring system and the specifications which it
Kj~er instrumentation for its measurement and analysis, via the basic physics must meet are briefly described. The choice of portable instrumentation for
of sound and examples of typical measurements made under practical condi- noise measurements extends from simple sound level meters for A-weighted
tions, measurements, through comprehensive types capable of providing a fre-

quency analysis or measuring impulsive noise, to new types with digital read-
The book has in general been compiled by J. R. Hassall while K. Zaveri has ing of Leq or LAx by continuous calculation.

contributed section 5.1, on sound power measurement and given ideas and
suggestions during its preparation. The general layout adopted by Professor Laboratory measurement and analysis equipment is described in some de-
Jens Trampe Broch, the author of the previous editions of this book, has tail with sections on real-time analyzers, recording devices and signal storage
been broadly retained. However, chapters 2 and 3 have been extended a techniques. The principle of the condenser microphone and the choice of a
little. The second now includes, amortg other things, a more detailed explana- microphone to suit the frequency range, dynamic range, and type of sound
tion of the attenuation of sound from different types of source, the effects on field being measured is discussed in some detail. A similar detailed treatment
propagation of wind and temperature gradients, and the interaction of sound is given to the choice of analysis technique and analyzer.
fields from more than one source. The third chapter includes sections on
hearing loss and noise units. At the end of the chapter, the necessity for careful calibration of the ~et-up

is stressed and procedures are outlined which should produce the best possi-
Chapter 2 briefly describes the physical properties of sound and vibration ble measurement and minimise the undesirable effects of background noise

as they apply to acoustic noise measurements. The production of a sound and reflections from observer and instrument. It is hoped that the reader will
wave from a mechanically vibrating source and its propagation in an elastic then be in a position both to choose the instrumentation necessary to suit his
medium is described with reference to the types of noise source, the effect of measurements and obtain those measurements with the greatest possible
the atmosphere and the influence of absorption, reflection and diffraction, confidence of good accuracy.
The importance of these factors and the type of sound field (i.e. free-field or
diffuse) on the choice of suitable instrumentation and measuring techniques Chapter 5 and 6 contain examples of typical noise measurement practice in
is explained, several areas of importance in noise control and community annoyance re-

spectively. In each case measurements have been carried out to the relevant
The use of decibel rather than absolute quantities to describe parameters standards where applicable, (although it should be remembered that the

in acoustics comes about because of the enormous dynamic range of corn- standards in different countries may differ in important details), and serve to
mon noises and the fact that the hearing mechanism responds in a Iogarith- illustrate the way in which measurements may be made, the type of informa-
mic way to a stimulus. "[he basic characteristics of noise signals and the pur- tion which can be extracted from them, and the conclusions which can be
pose of frequency analysis are then discussed, drawn.

Chapter 3 deals with psychoacoustic matters, beginning with the mechan- Section 5.1 describes sound power measurements in detail and it is
ism of hearing, and going on to masking, loudness, the perception of impul- stressed that this is the only practical way in which the absolute output of a
sive noise and the development of hearing loss, both as a natural aging pro- noise source can be quantified. Section 5.2 deals with noise in the work-
cess and as the result of exposure to excessive noise. The subjective effects place and its control, with examples from both factory and office environ-
of noise are then dealt with and the most common measurement units cur- ments, while 5.3 describes ways of utilizing noise (or vibration) measure-
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ments from machinery as a basis for noise reduction, as a quality control GONTER, B.C., Aktuelle Probleme der Technischen Akustik. Lex-
parameter, or for condition monitoring. Section 5.4 introduces Audiometry HANSEN, K.H. and ika-Verlag 7031 Grefenau 1/W~rtt.
and section 5.5 deals with the particular problems associated with the meas- VEIT, I.:
urement of transient signals.

HARRIS, C.M.: Handbook of Noise Control McGraw-Hill Book Corn-
The measurements of chapter 6 have all been carried out recently, to Inter- pany, Inc. 1957.

national Standards and accepted noise measurement practice, and can be con- KINSLER, L. E. and Fundamentals of Acoustics. Wiley 1962.
sidered representative of conditions and problems encountered by the practis- FREY, A. R.:
ing noise engineer in the field. The section 6.4 on Construction Noise has
been included in the light of recent suggestions and recommendations in KRYTER, K.D.: The Effects of Noise on Man. Academic Press. 1970
several countries including the U.S.A., Britain and Germany. KURTZE, G.: Physik und Technik der L~rmbekiimpfung. Verlag G.

Braun, Karlsruhe 1964.
A recent review of various national and international standards is given in

chapter 7. Many specialist areas of noise measurement require that equip- N.B.S. Handbook 119: Quieting: A Practical Guide to Noise Control U.S.

ment and measurements meet certain standards. These must be examined Dept. of Commerce. National Bureau of Standards

before measurements are made and adhered to. Deviations from standards 1976.
may invalidate the data obtained. National Physical The Control of Noise (Symposium No. 12). H.M.S.O.

Laboratory: London 1962.
A general reference list of books and periodicals follows this introduction,

but a list of relevant papers is provided at the end of each chapter (or section) PARKER, P. H. and Acoustics, Noise and Buildings. Faber 1969.
so that the reader with a particular interest may begin to delve into that sub- HUMPHREYS, H. R.:
ject, via the references, in some depth. ROBINSON, D.W. Occupational Hearing Loss. British Acoustical Society

(Editor): Special Volume No.1. Proceedings of a Conference
It is hoped that this handbook will assist the newcomer and experienced held at the National Physical Laboratory. Teddington,

noise engineer alike to avoid the pitfalls of noise measurement and enable London. March 1970.
him to carry out, correctly and accurately, valid measurements which repres-
ent the actual acoustic situation. SCHULTZ, T.J.: Community Noise Ratings. Applied Science Publish-

ers Ltd. London 1972.

General References TAYLOR, R.: Noise. Pelican Books. London 1970.
ALEXANDRE, A., Road Traffic Noise. Applied Science Publishers, Eng- WARRING, E.R. Handbook of Noise and Vibration Control. Trade and
BARDE, j-Ph., land 1975. (Editor): Technical Press Ltd.
LAMURE, C. and
LANGDON, F.J.: YERGES, L.F.: Sound, Noise and Vibration Control. Van Nostrand

Reinhold Company 1969.
BERANEK, L.L.:       Noise and Vibration Control. McGraw-Hill Book Com-

pany Inc. 1971.

BERANEK, L.L.: Noise Reduction. McGraw-Hill Book Company Inc.
1960. Journals

Acustica Hirzel Verlag. Stuttgart.
BURNS, W.:           Noise and Man. John Murray 1968

AkusticheskiiZhurnal: Published by the Academy of Science of the USSR,
CHAVASSE, P. et al.: Bruit et Vibrations. Institute National de SecuritY. Pa- Moscow. (Also translated and published by the Ameri-

ris 1957. can Institute of Physics as, Soviet Physics, Acous-
CROCKER, M. J. and Noise and noise Control Vol. 1. CRC Press 1975. tics).
PRICE, A. J.:

AppliedAcoustics: Published Quarterly by Applied Science Publishers
GERHARDSSON, G.: Buller. Bonniers Uggleb6cker 1971. Ltd. London.
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J.A.S.A.(Journal Published by the American Institute of Physics, New
of the Acoustical York.
Society of America):

Journal of Sound Published by Academic Press, London.
and Vibration:
Journal of the Published by the Acoustical Society of Japan, Univer- 2. THE PHYSICAL PROPERTIES OF NOISEAcoustical Society of sity of Tokyo, Japan.
Japan (Japanese):

Journal of the         Published by the Institute of Environmental Sciences,
Environmental Sciences:Illinois. U.S.A.                                                     2.1. VIBRATIONS AND WAVES

Kampfdem L~irm: Published by Springer-Verlag, Berlin. Acoustic Noise is usually defined as unwanted sound; an undesirable by-
Noise and Vibration Multi-Science Publishing Company Ltd., London. product of society’s normal day-to-day activities. In physical terms, sound is
Bulletin: the mechanical vibration of a gaseous, liquid or solid elastic medium through

which energy is transferred away from the source by progressive sound
Noise Control Published by the Institute of Noise Control Engineer- waves. Whenever an object moves or vibrates, a small proportion of the en-
Engineering: ing. New York. ergy involved is lost to the surrounding medium as sound.
Noise Control, Trade and Technical Press Ltd., London.
Vibration Isolation Let us consider a small particle of the medium, large enough to be repres-

entative of its physical properties, but small in relation to typical dimensions
Revued’Acoustique: Published by Groupement des Acousticiens de of the acoustic disturbance e.g. its wavelength.

Langue Francaise, Paris.

Soundand Published by Acoustical Publications Inc., Ohio. If such a particle is displaced from its equilibrium position, it strikes its
Vibration: U.S.A. neighbour and thus causes that to move a similar small distance while re-

bounding itself. This neighbouring particle now strikes the next and so on,Technical Review B & K quarterly publication propagating the disturbance through the medium by successive oscillations of
neighbouring elastic particles. None of these are transferred along with the
wave; it is only the energy of the disturbance that is transmitted. The parti-
cles themselves oscillate for only an infinitesimal distance about their equilib-
rium positions along the direction of propagation of the sound wave, as
shown in Fig. 2.1.

Undisturbed Po=ition
Maximur~ Amplitude

Fig. 2. 1. Motion of a particle during a single cycle

The time taken for the motion to be transferred between successive parti-
cles, and therefore the velocity of propagation of the disturbance, depends on
the medium’s elasticity according to the following equation,

12                                                                                                                                                          13



I

kN/~
Therefore, ~ = cT =-~c O’T

C

Where ~ is the wavelength
where k is a constant T is the time between successive compressions

E is the modulus of elasticity of the medium c is the speed of soun.d in air
p is the density of the medium f is the f~requency of the disturbance

For air, under normal conditions, the medium with which we will be almost A reference nomogram relating wavelength to frequency for the speed of
exclusively concerned, this velocity is approximately 344 m/s at 20°C. ~-~ sound under normal conditions is plotted in Figo2.3.

I

Band moving with ~ c                                                                ,

Vibrating PointerAmplitude ±Ao                                                      ~                     Wa,~dength [Meters) ~

~ 20 10 5 2 1 0,5 ¯ 0,2 0,1 0,05

a)              Direction of.Pointer Movemem
Frequency Hz

_ "Min." Vibr. Ampl. (-Ao) c = Speed of movement
(propagation)

Vibrating                                                                         Fig. 2.3. Wavelength in air versus frequency under normal conditions    .

We are dealing here with the simplest of all radiated waves, the plane, pro-

b) Directi~ of X gressive wave, so called because it propagates away from the source in one
Piston Move~ne~t direction only, the =wavefronts always remaining parallel to each other. Be- .~--

~ cause it cannot spread out into the medium, the only attenuation which is /
experienced is that due to transmission losses and dispersion caused by turb-

Fig.2.2. The transformation of vibrations into waves ulence and temperature gradients within the medium itself. Although the
a)B¥ a vibrating pointer on a moving band magnitude of a sound wave can be determined in a number of differentb) By a vibrating piston in a fluid medium ways, it is us.ually more convenient to measure acoustic pressure rather than

’ parameters such as particle displacement or velocity which are extremely diffi-
cult to measure in practice. These parameters are normally only required

Fig.2.2b demonstrates what happens to the air along the path of propaga- when measurements are to be made very close to the source in its near field.
tion in an open-ended tube with a sinusoidally vibrating piston at one end. As The particle velocity here is not necessarily in the direction of travel of the
the piston moves into the tube, the air is locally compressed and the compres- wave, and the sound pressure may vary appreciably at short iritervals along
sion is propagated along the tube at the speed of sound. After half the oscilla- the direction of propagation. Under these, conditions the acoustic intensity is
tion, the piston is about to move in the opposite direction, thus rarefying the not simply related to the mean square of the sound pressure. In the far field,
air and propagating a rarefaction along the tube. Thus a pressure wave is however, this relationship is true, and, because sound pressure level is an
transmitted at the same frequency and with the same characteristic wave- easy parameter "to measure in practice, it has become the most common way
form as the vibration of the piston which produced it. The speed of sound in of expressing the magnitude of an acoustic field.
air being fixed, the wavelength is defined only by the time interval between
successive compressions, which i~ set in turn by the frequency of the distur_

~ ~ {~ ~ ’t~/,~

14 ~F" 7 ~_ ~-,~/~.~.,,~ ,, 15



2.2. SOUND POWER, ENERGY DENSITY AND INTENSITY 2.3. THE PLANE SOURCE

Consider (see Fig. 2.4.) an elemental tube of the medium, with unit cross-
Sound Power sectional area and a length equal to the distance travelled by the sound wave

in one second, i.e. numerically the speed of sound (c). If a piston source of
Any source of noise has a characteristic sound power, a basic measure of power W is constrained by hard walls to radiate all its power into the elemen-

its acoustic output, butthe sound pressure levels it gives rise to depend on tal tube to produce a plane wave, the tube will contain a quantity of energy
many external factors, which include the distance and orientation of the re- numerically equal to the power output of the source. Assuming no other
ceiver, the temperature and velocity gradients in the medium, and the envir- losses, the intensity, i.e. the acoustic energy flowing through unit area any-
onment. Sound power on the other hand is a fundamental physical property where along the tube in unit time, is independent of the distance from the
of the source alone, and is therefore an important absolute parameter which source and numerically equal to its sound power. Apart from duct systems,
is widely used for rating and comparing sound sources, plane waves and plane sources are rarely encountered in normal noise meas-

urement situations.

Sound-energy Density

The acoustic energy contained in a unit volume of the medium is a funda- w~va direction
mental parameter of any type of acoustic field. It is termed the energy density Sourca of
and is related to the acoustic pressure by the following equation

Aco~=t; Pow~~

Energy Density D -- P2rms Unit Area r

PC2

Fig. 2.4. Acoustic Radiation into an elemental tube
Intensity

The intensity, the acoustic energy flowing through unit area in the sound 2.4. THE POINT SOURCE
field (perpendicular to the direction of propagation of the wave if the field is
not diffuse), in unit time, is different for various types of acoustic field. Sound sources can be considered as point sources if their dimensions are

For a free field in which the sound wave arrives only from the direction of the small in relation to their distance from the receiver, and many common noise

source sources, including industrial plant, aircraft, and individual road vehicles can
. normally be treated in this way. As shown in Fig.2.5 the ideal point source

/ = P2rma
can be considered to produce a series of spherical wavefronts resulting from

pc successive disturbances at the point source. For a pure sinusoidal distur-
bance, the distance between wavefronts representing the successive peak

For a diffuse field, such as occurs in an ideal reverberant room, in which pressures will of course be the wavelength, a fact which is important when
there is equal probability of sound arriving from any direction, the net inten- considering the effects of reflections within the sound field. As shown in
sity is zero. However, the intensity of sound passing through a plane of unit Fig. 2.6., the sound energy spreads out equally in all directions so that as it
area from one side only is travels further and further from the source its energy is received on an ever

larger spherical area. If the medium is assumed to be non-dissipative then
/ ---- p2rrns the entire power output of the source passes through a spherical shell of ra-

4pc dius r. The intensity is therefore the Power of the source divided by the area
of this shell. Thus we have

pc is called the cl~aracteristic acoustic impedance of the medium, which for
Wair at 20°C is 407 rayls (Kg m-2 sec-1 ) / = 4~rr2

16 17



2.5. THE LINE SOURCE

Line Source a
power W/length

Area A
Area 2A     Area 3A 7~11

Fig. 2.7. The dispersion of sound from a line sourceFig. 2.5. The propagation of spherical wavefronts from a point source

A line source may be continuous radiation, such as from a pipe carrying a
turbulent fluid, or may be composed of a large number of point sources so
closely spaced that their emissions may be considered as emanating continu-
ously from a notional line connecting them. In this category are included       03
such factory sources as closely-spaced machines and conveyors, and two ex-
tremely important sources of environmental noise, namely roads and rail-
ways. A road which has a traffic flow high enough to be a noise nuisance

14)can usually be considered as a line source rather than a successio~l of single
events. Railways are often treated as line sources at the distances from the
track which are usually the most important from the point of view of commu-
nity annoyance. Very close to or very far from the track, the field is rather
more complex. Consider the diagram in Fig. 2.7. of part of an infinite line        ~"-
source which has a constant power per unit length. The wavefront spreads
out from the line in only one dimension perpendicular to its direction of
travel, so that any two points at the same distance from the line are on the
same wave front and have the same properties. The wavefronts therefore
form concentric cylindrical surfaces about the line source as axis. The energy
released from a unit length of the source in unit time passes through the

Point Source same length of cylindrical surface at all radii. The intensity at a given radius
is therefore the power emitted by this element, divided by the area of the cyl-
indrical elemental surface. Thus:

r
2r W

¯ 71.13 2~rx 1

Fig.2.6. The dispersion of sound from a point source The intensity is therefore inversely proportional to the distance from the
source i.e. it attenuates 3 dB per doubling of distance.

It can be seen that the intensity is inversely proportional to the square of the
distance between source and receiver, i.e. it attentuates 6 dB per doubling of
distance.

18
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.................... , ...... ~ ................ ..................... ~ ......... 2.6. PROPAGATION OF SOUND IN AIR

i ~:’~ ~’~i~’÷~ In addition to the reduction in intensity by distance, discussed in the previ-
%! ~%~:’ ous sections, there are many other factors which can significantly affect the

~
,,,~.~

~~,~ propagation of sound in a real medium like the atmosphere. Velocity and tem-
~";~" perature gradients alter the direction of the wave, turbulence distorts it, and

120dB .,..~ :’!!:-~:;il ~ viscosity causes absorption. This latter effect is far greater for high than for
¯

.;
low frequencies, so the atmosphere tends to act as a low pass filter, attenuat-

~’~’,~ dB

~~~ ._~:~.~

i ng high frequencies, and th us distorting the frequency spectrum of a noise,
as well as reducing its strength and changing its propagation path. In addi-

.... tion, most measurements are made near ground level where people live and
¯ ~,~

:il ~
work and where noise is invariably received and, with the notable exception
of aircraft noise, produced. For this reason the reflection and absorption of
the ground under the path between source and receiver is very important,

==. ~’08#,Y ~~_~. " " and must be taken into account as a matter of course whenever studying the

~..~..~- . The atmosphere is in a state of continuous motion over the Earth’s surface
~.~ ~~~    . ~ ~.~’~÷" ~ ~ " and is also a real fluid with all the normal physical properties including viscos-
~11~~ ..~"~ ’ -~.~" ~ " ity. Because the air is viscous the velocity of molecules at the ground must

,~.. .~. ~~, . . be zero and a boundary layer is formed near the surface, in which the wind
speed gradually increases with height until the speed of the main ~ir mass is
attained. This region may be as much as several hundred meters thick so it
can, and does, affect measurements made of most noise sources. When a
sound wave impinges on a layer of air which has a different speed, the
wave’s direction of travel changes, as represented by the sound "rays" and
vector constructions in Fig.2.9. This happens because the speed of sound de-
pends only upon the medium in which it is propagated, so any movement of
that medium must necessarily impose a similar movement on the sound
wave as seen from the ground. If it has a component in the same direction as
the wind, the ray representing the direction of propagation is therefore re-
fracted towards the interface between the two different velocity regions when
entering that with the higher speed, or away from the interface when enter-

i ing a region of lower speed. The effects are simply reversed if the direction of
I sound propagation is opposite to that of the wind. Although the lower atmos-

phere is not a series of discrete layers with fixed velocities, but a transition
region in which the velocity changes continuously with altitude, it can be

~ seen from this simple approach how the sound rays will be continuously re-
i fracted as they progress through the boundary layer.

The overall effect as far as a stationary observer on the ground is con-
cerned, is to bend the downwind sound rays back towards the E.arth and
bend the upwind rays away from it as shown in Fig. 2.10. A region of noise

Fig.2.8. Attenuation from point and line sources

20                                                                                                                                                        2_1



2.8. TEMPERATURE GRADIENTS                                                   ~o
Downwind Upwind Wind
Propagation Propagation ~Veloctty (U) (.~

u u

Boundary                                                  ~

\ /

\ /

\e,/ No Wind
S~Jrce --~ Increaling te~’nperature

U is the wind velocity a) Normal Lap=e Rate
C il the velocity of the original sound ray b) Temperature Inver=ionC1 i$ the velocity of the ray in the moving layer lTtltt c) Sound "Channel"

Fig. 2.9. Sound propagation across a boundary between layers with different
velocities Fig. 2.1 1. Typical atmospheric temperature gradients

reinforcement is therefore formed downwind of the source and a sound The velocity of sound in air increases with temperature, and in a normal at-
’shadow’, a region of reduced intensity, occurs on its upwind side. Refraction ~ mosphere the temperature itself decreases with height as in Fig. 2.1 l(a). A
effects can only occur because there is a wind gradient, i.e. because the rising sound ray, on entering a layer with a lower temperature, undergoes a
wind speed varies with altitude, and are not the result of sound being con- reduction in propagation velocity and is refracted away from the interface be-
vected along by the wind. The magnitudes of changes in sound intensity tween the two layers. The result is that, in the absence of wind, the rays are
which can be attributed to this phenomenon are dependent only on the rates, continuously bent away from the ground surface as shown in Fig. 2.12(a)
of change of wind speed with altitude. Attenuations in the shadow region and a shadow region is formed beginning at a distance from the source
may be as high as 30 dB but the increases which are due to reinforcement which depends on the strength of the temperature gradient. As with wind gra-
downwind of the source are usually rather less. dients, the effects of temperature gradients are made less distinct by the inho-

mogeneity of the atmosphere in its normal state, with turbulence and local
heat exchange scattering sound into the shadow regions.

~ Wind Direction Wind Speed
v (h)

Sometimes, however, the temperature gradient near the ground is positive,
i.e. the temperature increases with height up to a point where it reverts to

Sound Rays                                the normal lapse rate as in Fig.2.1 l(b). This situation is called a temperature
inversion and leads to effects opposite to those described above for a normal

~ lapse rate. A sound ray becomes refracted downwards towards the ground as
~ it progresses through the warmer layer of air, reinforces the sound field at
h surface level around the source, and, as Fig.2.12(b) shows, no shadow re-

gion will be formed.

¯ .. ¯ . ¯ ; A double temperature gradient such as that in Fig.2.11(c) is rarely encoun-
¯ Shadow Region tered, but can trap slightly-inclined sound waves in the inversion layer and

¯" " : "." : ~ "’:: : " channel them over considerable distances with only low attenuation.

Fig. 2. I O. Sound refraction in a boundary layer
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would be expected, the attenuation is greater for high frequencies than for             ~o
Decreasing Temperature/ | Increasing Temperature lower ones and depends to a large extent on the effective "roughness" of the

surface, i.e. the ratio between the wavelength and the dimensions of the irre-
gularities of the ground. The values are, therefore, low for ordinary grass-
land, but may rise to as much as 20 dB per 100 metres for long grass, corn
or low shrubs and trees.

2.1 1. REFLECTION

Shadow Region Soume Shadow Region Soume

Fig. 2. 12. Refraction of sound in an atmosphere with
a) a normal lapse rate
b) an inverted lapse rate

2.9. HUMIDITY AND PRECIPITATION

~h_e_pb.s_o~pt.io~n_..o.f~sou_ n_d~.in aLr.~va[!~s.w th frequency, humidity and tempera-
ture in an extremely complicated fashion; the only gene_ral trend being that it
is h.igh.e. [. at high.._fr..e_q_ue~.nci_es, and shows a tendency.to increase with temper~
ature but decrease at higher relative humidities. If it is imperative to include Acoustically Herd Reflecting Surface
t’l=[~’~ffects"when carrying ou~~’esearch into distant noise sources, the cur-
rent literature on the subject, and the available tables which contain the rela-
tionships between all the relevant parameters, should be consulted. The oft- Image
mentioned ability of so_un_d_t._o_.’_’carr.y~’_irLfog_or_light_precipitatio~n of an-y kin--~d..is n~t__due.to~ anY. changed physical property of the medium which is condu-

Fig.2.13. Reflections from a plane surface
dive to better propagation. Re~_u.c.._ed.human activity.and sti!l air conditions of-
ten combine to produce a lower than normal background noise level during When sound waves come in contact with a surface, part of the energy is
these periods, reflected from it, part is transmitted through it and part is absorbed by it. The

instantaneous sound pressure at any point in the field is therefore due to the
direct radiation from the source, and the sound arriving indirectly after one or

2.10. ABSORPTION BY NATURAL FEATURES more reflections from the surfaces, where a part of its energy, however
small, is absorbed. If absorption and transmission are low, and therefore

If the ground surface below a sound wave is perfectly flat and reflecting, most of the sound energy incident on the surface is reflected, it is said to be
the wave would propagate without any excess attenuation over that attribut- acoustically hard, and can be considered to reflect sound in much the same
able to the spreading of the acoustic energy throughout an ever increasing vo- way as a mirror reflects light. The ray reflected from a flat rigid surface then

=lume. Even a man-made hard surface such as concrete is not perfectly reflect- takes up the position as shown in Fig. 2.13 and the sound ray and wave
ing, however, and most natural ground cover has significant absorption. This fronts can be considered as coming from the image. The reflected wave
causes a significant reduction in intensity, which is most marked when fronts and those arriving directly from the source reinforce or cancel,each
source or receiver, or both, are near the ground and relatively distant. As other where they cross, giving rise to problems when making noise measure-
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ments in the presence of reflecting surfaces such as hard ground, roads, and ~ ,
Free I    Reverbarant CO

Obuilding facades. ~ Field r ~ Field

The effect of curved surfaces, parallel flat surfaces, ~]nd corners, on the I
~~L 6 d Isound field, is shown diagrammatically in Fig. 2.14. If the reflecting surface B per doubling of r

is curved then the rays will be focused when the surface is concave, and dis- i
persed when convex. A ray entering a right angled corner will be reflected

F~e~ =l=i FFi:~dfrom it, after two reflections, back along a path different from, but parallel to,
its incoming one. Parallel surfaces cause two important effects. Firstly, the -~ Log r
formation of standing waves, which occur at frequencies such that an inte-
gral number of half wavelengths occur between the two surfaces, leading to
a very large variation in sound pressure from node to antinode. The second ef- Fig.2. 15. Sound pressure variation in a room, with variability indicated (F.M.
fect, flutter echo, is caused by the continuous and regular reflection of a Wiener)
pulse from parallel surfaces with low absorption. These phenomena are unde-
sirable in architectural acoustics (concert halls, lecture rooms etc.) and in other physical parameters, such as pressure and particle displacement, do
acoustic testing chambers, where uniformity of the sound field is generally re- not exist there. Measurements are usually only made here when detailed in-
quired, formation about the radiation characteristics of the source are required for

, research and development purposes in the laboratory. The "far field" consists
of two parts, the free field, where sound, as the term suggests, behaves as if

convex surface in the open air, without reflecting surfaces to interfere with its propagation,

~~~

and the reverberant field, which is dominated by reflections and therefore oc_ ~
curs in most enclosures. A diffuse field: i.e. one in which a large number of

Dtspe "~"
reflected waves from all directions combine so that the average energy den-
sity is the same throughout the field, is desirable for sound power measure-

\ I/’~ J right angled

s~~orner

ments and for determining the sound insulation properties of materials. Re- 14")orner
~ " s~ verberant rooms used for these measurements are often constructed as in

and Fig.2.16 with highly-reflecting non-parallel walls, or provided with diffusers

///~ Flutter echo
in order to achieve a suitably diffuse field.

Focus~
Concave Surface 771116

Fig. 2.14. Reflections from surfaces of various shape

In any enclosed sound field there will be a region near the noise source in
which its dimensions have an important effect, a region further away in
which it is the direct sound which is dominant, and beyond this a region dom-
inated by the reverberant sound, which builds up by continual reflection until
the energy produced by the source is just balanced by the energy absorbed by
the room surfaces, and an equilibrium state is reached. These regions are
shown in Fig. 2.15. The "near field" is usually avoided in making noise meas-                                                                r~,,
urements because simple relationships between the sound intensity and

Fig.2.16. A reverberant room designed to obtain a diffuse field
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2.12. ABSORPTION ~o
combine to form an overall wavefront as in Fig. 2.17. Similarly, each point o

Whenever a sound wave meets a surface, some small amount of its energy on a wave front can be considered as a new sound source, so the next posi- ~
is lost. The absorption of a surface is a function of many parameters, inc~ud- tion of the wave front can be constructed from the last. Extending this con-

ing its effective roughness, its porosity, its flexibility, and in some cases its cept to the two cases of Fig. 2.18(a) and 18(b) we can see what happens

resonant properties. The efficiency of an absorbing surface is expressed as a when the wave fronts from a distant source impinge on the edge of, or an op-

number between zero and 1, called the absorption coefficient. Zero repres- ening in, an otherwise infinite wall.

ents no absorption, i.e. perfect reflection, which is never encountered it~ prac-
tice, and 1 represents perfect absorption. Most mechanisms of absorption are
frequency dependent, so the spectrum of the noise concerned has to be Original wave front and New wavefronts

known to judge its effect, both in rooms and in the open air. Absorption tech-
~condary wave fronts lpread out ~pherically

from P interfere from point P as ~ource

niques really come into their own with regard to Architectural Acoustics and
the control of reverberation and diffusion in halls, rooms and offices. Absor- \
bent materials can, however, be put to good use to reduc~ overall levels in
noisy factories, and to provide acceptable conditions near particularly noisy
machinery by reducing reflected noise from adjacent hard surfaces.

Original wave front
fronts from from distant ~ource

distant ~ource

2,13. DIFFRACTION                                             :

Wave frontt from point~ on the surface

New,wave fronta from P
~pread out cylindrically

Noi~e-emitting
surface -~ .,, figo2. 18. Effects of diffraction at low frequencies ¯

In the case of the situation in Fig.2.1 8(a) the wall edge can be considered
as a source of secondary wavelets radiating away from it in all directions ac-
cording to Huygen’s principle. These secondary wavelets combine to form
wavefronts which spread out cylindrically in the quadrant behind the wall, in

Constructed wave front the so-called shadow region. For the second case the opening becomes, in ef-
fect, a new point source of sound, radiating hemispherically into the space
beyond the wall, but with a lower intensity (depending on the size of the op-Fig.2. 17. Huygen’s method of wavefront construction

- ening) than the incident sound.

When a sound wave encounters an obstacle which is small in relation to A large ratiQ of wavelength to obstacle size causes the diffraction pattern
its wavelength, the wave passes round it almost as if it did not exist, forming "as shown in Fig.2.18(a), and. 2,.18(b).- A small value leads to the formation of a
very little shadow. But, if the frequency of the sound is sufficiently high and more distinct shadow behind a barrier, Fig.2.19(a), or a beam of sound
the wavelength is therefore sufficiently short, a noticeable shadow is formed, through an opening as shown in Fig.2.1 9(b). The greatest attenuation behind
These phenomena can be explained by first introducing Huygen’s method of a barrier occurs if the angle between the ray from the source to the barrier
wavefront construction, which states that a source may be considered as an top, and the line from there to the receiver, is as small as possible. Practi-
infinite number of point sources covering its surface, and radiating in all di- cally, this means that the barrier should be as near as possible to either the
rections. At an instant in time, each point emits a sound wave and these source or the receiver for greatest effect. When taking measurements of
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noise sources in the field, unobstructed situations are always to be preferred
unless the barrier effect is of direct interest.

,/,I/III/I, ,;i /! i I
Jill

a) Pest en ob=tacle,formlng e shadow b) Through en opening,forming a beam

Fig. 2. 19. Effects of diffraction at high frequencies

2.14. SCALES FOR NOISE -- THE DECIBEL

Propagation through any elastic medium takes place in the form of a wave,
and the most important quantity characterising its magnitude is its root mean
square amplitude, Arms ¯ Suitable units and scales for expressing this value
must now be considered. Normally, the sound pressure rather than the inten-
sity of a sound field is the parameter used, expressed as force per unit area
in units of dynes per square centimeter (bar) in the CGS system or in units of
newtons per square meter (Pascals) in the S.I. system. As the Pascal has
now been internationally adopted as the unit of pressure, it will be used ex-
clusively throughout this book.

The normal method of measuring pressure on a linear scale unfortunately
gives rise to certain problems when related to the performance of the human
ear. The quietest sound at 1 000 Hz which can be heard by the average per-
son has been found to be about 20/~Pascals and this value has been standar-
dised as the nominal hearing threshold for the purpose of sound level meas-
urements. At the other end of the scale the threshold of pain occurs at a
sound pressure of approximately 100 Pascals, a ratio of more than a million
t5 1. The direct application of linear scales to the measurement of sound pres- -10J
sure would therefore lead to the use of enormous and unwieldy numbers. 10 50 100 500 1000 5000 10000

FREQUENCY Hz

7804/8

Fig. 2.20. Typical sound pressure levels of common noise sources
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Additionally, the ear responds not linearly but logarithmically to stimulus. The approximate power outputs of a range of a few regularly encountered
For these reasons it has been found more practical to express acoustic par- noise sources are indicated in Fig. 2.21. This demonstrates well the prob-
ameters as a logarithmic ratio of the measured value to a standard value, lems of magnitude and dynamic range which are always involved when mak-
This reduces the numbers to manageable proportions and the resulting unit, ing noise and acoustic measurements.
called the Bel (after Alexander Graham Bell) is defined as the logarithm to
the base ten of the ratio of two acoustical powers, or intensities. But, this
unit was found in practice to be rather too large, and a unit of one tenth of a Power (watts) Power Level
Bel, the decibel, is now in general use. As the acoustic intensity, the power (dB re 10-12 W)
passing through a unit area in space, is proportional in the far field to the
square of the sound pressure, a convenient scale for acoustic measurements ~00 00o 00o 200-

S~turn rocket (50,000,000 W)
can be defined as 1 00o 000 18o-

4 Jet Aidlner (50,000 W)

Sound Pressure Level Lp = 101oglo p = 201oglo       (1)                         lOO           140-

Large orchettra (10 W)

where p is the sound pressure being measured. Po is the reference sound
1 12o- Chlpping hammer (1 W)

pressure, usually 20/~Pa. and the word level is added to sound pressure as O, Ol ~0o-
an indication that the quantity has a certain level above some predefined ref- Sho~ted speech (0,001 W}
erence value, o,00o, I 8o.

Conver~tional speech (20 x 10-6 W)
Any measurement may be expressed in decibels, whatever its units, as o,00o, om

long as the absolute reference value for the unit used in the logarithmic ratio 0,0oo,0oo,01 40.
is quoted. Use of the decibel scale thus reduces a dynamic range of sound Whisper (~0-9 W)
pressures of a million to 1 to a more manageable range of sound pressure le- 0,o00,00o,00o,1 2o.
vels of only 0 to 120, zero indicating the reference minimum threshold and
120 the approximate threshold of pain. This is far more convenient and ea- o,00o,00o, o00,0Ol o.
sier to deal with as the values lie within a range easily conceived by the lay-
man and one unit, i.e., 1 decibel is about the smallest value of significance. Fig.2.2 1. Sound Power output of some typical noise sources
The illustrated graph of Fig.2.20 shows many well-known sounds appropri-
ately placed with regard to the sound pressure level at which they are nor-
mally heard and their major frequencies.

Dealing with Decibels
Acoustic Power is also usually measured in decibels because of the enor-

mous range of powers encountered in typical noise problems. The power le- The following short table shows the su_~L’e.ctive effect of changes in noise le-
vel is defined as ten times the logarithm to the base ten of the ratio of the
source power to the reference power, usually taken as 1 0-12 watt, mathe-
matically this becomes CHANGE IN LEVEL SUBJECTIVE EFFECT

dB

W 3 just perceptible
Sound Power Level Lw = 10 log1 o Wo (2) 5 clearly perceptible

1 0 twice as loud

where W is the power emitted
and Wo is the reference power (10-12 watt).                                         Several important facts must always be borne in mind when dealing with

decibel quantities, but if these are fully understood then their use and manip-
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ulation should cause no more problems than the more familiar linearly ex- i.e. New SPL = old SPL + 3 dB
pressed quantities. Zero decibel level does not mean an absence of noise, it
merely implies that the level in question is equal to the reference level. One Doubling the number of sources therefore raises the sound pressure level by
of the most important concepts which must be grasped firmly by newcomers 3 dB, a further doubling to four times the number raises it by 6 dB, and so
to noise measurement is that, because of the logarithmic units, normal addi- on.
tion and subtraction cannot be used directly on decibel quantities. Two sound
sources, each producing a sound pressure level of 60dB when measured in 3 ~

the absence of the other, will not produce 120 dB when both are emitting at =~,
the same time. To arrive at the correct level one must consider the two in- ~o_~
stantaneous sound pressures from the two sources at a point in space. If ~ .~ ~
these two individual pressures are Pl (t) and P2(t), then the total pressure is ~ ~

Ptot(t) =p,(t) +P2(t) ~:

and the mean square sound pressure, the time average of P2tot(t) is 0,5

0p2to~ .L.~’~o     [p~ (t) -t- p2(t)] 2 dt

Di~e~e,c~ between two noise levels, dB(A)

therefore p2tot = p~ 2 ÷ 2p~P2 Jr p22
(3)

Fig.2.22. Noise level addition chart

The addition of sound pressures of different levels and from many different
where a bar over the term denotes a time-averaged quantity. In most cases sources can be carried out by first reducing the measured values to actual
of independent noise sources we can assume that they are not coherent and pressures, combining these to find the effective mean square and then taking
therefore that significant interference of one wave front by another does not the logarithm, as described in some detail in appendix B. A simple graph for
occur, so that the time average cross-term represented by p~ P2 is zero. the case of two sources only is shown in Fig. 2.22 in terms of a correction

which is to be added to the highest of the two levels, depending on their dif-
ference. This may also be used to estimate the combined effect of more than

then p2tot = Pl 2 Jr p22 tWO sources by summing them two at a time. If the assumption that sources
of equal intensity are uncorrelated is not made, then the term p~ P2 is not ne-

but P~ = P2 cessarily zero and positions of reinforcement and cancellation will occur. In
the extreme case of constructive interference between two tones of the same

therefore p2~ot = 2p~ 2 frequency.
Pl =P2

so if we have two similar sources then we have doubled the mean square Therefore P~P2 = P~ 2pressure, and from equation (1)we have

[~ p12%
and equation (3) becomes P=tot = 4~2

SPL = 10 Iog~o~,.po2}
Now 10 Iog~o 4 = 6

[p~2~ 2 so the level will rise by 6 dB= 10 Iog~ O[po2] + 10 Iog~ o For destructive interference Pl = -P2
and in this case equation (3) becomes

= lOIog~o(-~o2)p12 +3
P2tot = p~ 2 _ 2~-~ 2 +~-~1~ = 0
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so the level will fall, theoretically, by ,o. In practice of course the regions of this particular simple signal. The root mean square (r..m_.s.) value of aqy~_sig- ~o
reinforcement will be a little less than 6 dB and the regions of cancellation n~a’l i_._~s_s pr~o_l~=ort~i_o.nal to its en_.e~.g~y, con~tent and is therefore one of the most im-
will certainly not fall by more than 20 or 30 dB at the very most. It is recom- portent and most often used measures of amplitude. ~{~efin~-d ....."
mended that appendix B is studied at this point in order to gain experience on
the manipulation of quantities expressed in decibels. The ability to think

, J;fo~clearly and effectively in terms of decibels is invaluable to the understanding Arms = a2(t) "dt
of most of the Standards and the techniques involved in acoustics and noise
measurement.

Where T is the relevant time period over which the averaging takes place
and    a is the instantaneous amplitude

2.15. CHARACTERISTICS OF NOISE SIGNALS
Other measures of amplitude are

All sound signals are characterised by certain basic physical parameters
which are relatively simple for fixed amplitude and frequency signals but be- 1

if the frequencies and amplitudes vary with Aaver,g~ =-~I_’ Ial’dtcome increasingly complicated
time. Perhaps the simplest form of sound wave, with a sinusoidally varying
amplitude and constant frequency, (a pure tone) is shown in Fig. 2.23. The
time history repeats itself exactly with a repetition period T, corresponding to and Apeak which is the maximum amplitude reached by the signal in the
the generating frequency f, and possesses the fundamental characteristics repetition period.
which apply to all types of signals, Phase is of little importance in the analy-
sis of individual noise signals, which are usually composed of many fre- For ant/ signal, a measure of its wave shape can be indicated by two fac-
quency components combined in random phase. However, it is a useful con- tors
cept in considering reflecting or absorbing surfaces, standing waves, and the
vibration of structures, where the phase difference between many signals is
particularly important. Crest Factor Fc = Apeak

Form Factor Fr= Arm~
T

For a sinusoid only these values are simply related as follows,

1

Arms [Apeak’peak                   SO that Fc = 1,41 4 (-~ 3 dB)
and Ff = 1,11 (~ 1 dB)

Unfortunately most sounds are not sinusoids and more often than not vary
Fig. 2.23. Sinusoidal signal showing various measures of signal amplitude both in amplitude and frequency content with time. Simple mathematical rela-

tionships between Arms , Aaverage and Apeak do not exist for these com-
The amplitude of a sinusoid may be expressed by any of the quantities plex signals but still retain their importance as descriptors of the signal. The

shown in the diagram and all are simply related to each other in the case of quantity Apeak is not strictly applicable to truly random noise but in practical
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measurements, especially when dealing with shocks, impulsive noise, and Time Functions Frequency Spectra
short events, it is an extremely important factor. Amplitude 1

A signal typical of those encountered in practice is shown in Fig. 2.24(d)
and clearlyit cannot be described by the three simple quantities, themaxi-
mum amplitude, frequency, and, where relevant, the phase, because it is com- ~ 0,5
posed of more than one frequency. The s,gna, may be viewed as a combina-
tion, however complex, of a large number of superimposed sinusoids, the con-
cept of Fourier Analysis. A pure sine wave contains one frequency and can
therefore be represented in the frequency domain as. a single line as in
Fig. 2.24(a). If we were to add two sine waves, one being 3 times the fre- " Frequency

quency of the other, we would obtain the distorted wave of Fig. b, which is
represented in the frequency domain by two lines. Analysis of a far more Amplitude
complex but still periodic function, such as the square wave of Fig. c, yields
aninfinitenumberoflinesinthefrequencydomainattheoddharmonicsof b~

,~,
~ ~ ~. ,the repetition frequency of the signal. The spectra of all the functions men-

[\ ~’\ ~ ~’\ 0,5tioned so far have been harmonically related discrete lines and are therefore \/ 1/ ~ V
termed periodic, as they repeat themselves exactly at regular and predictable

~ ~ ~ ~ Iintervals. Most practical noise is non-periodic, however, and contains a large
~umber of frequency components which are not harmonically related, form-
ing a continuous spectrum as in Fig’. d. A special case of the non-periodic sig- fo 3fo Frequency
nal is white noise, which has a completely flat spectrum and is of particular
importance in both theory and practice. Amplitude f0

The internal combustion engine is a typical source which produces periodic

c)-~_~~-~~~
¯

noise containing many harmonics of its rotational speed. However, the noise
from a vehicles tyres at high speed and that from falling water are non-peri-
odic; both have a continuous and almost flat spectrum. In practice the major- Time

ity of noise consists of a mixture of both types of signal. | ¯

The process of signal analysis is of vital importance in every branch of                                        T fo     3fo     5fo     7fo
noise measurement, analysis and control. On one hand the frequency con- Frequency
tent of a noise affects its perceived loudness, and therefore the annoyance to Amplitude Power Spectral

Density
which it gives rise, and also the amount of speech masking. On the other ~~i
hand, the provision of an adequate acoustic environment and the reduction of
noise at source or during transmission, demand a knowledge of both the
source spectrum and the properties of frequency-dependent insulating and ab-

only be obtained from a frequency analysis. For a fuller discussion of these
techniques please refer to the companion publication "Application of Breel &Kjaer equipment to Frequency Analysis".                                                                                                                     Frequency’=~

Fig. 2.24. Sound signals and their spectra
a) pure sinusoid (simple and periodic) c) square wave (complex but periodic)
b) combination of two sinusoids      d) random noise (complex and non-pbriodic)
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O

The human ear consists of three main parts, as shown in diagram 3.1. The ~o
O

outer and middle ear collect the airborne sound waves and pass them to the              ~T
liquid-filled inner ear, which acts as a transducer, converting mechanical vi-              ~
bration signals into neural impulses which transfer the acoustic information
to the brain. The outer ear, consisting of the pinna and the ear canal, collects

3. PSYCHO-ACOUSTICS AND NOISE CRITERIA the airborne sound waves and channels them through the auditory canal, fi-
nally setting the eardrum into vibration. The middle ear, which acts as an im-
pedance matching device, has three small bones operating as e set of levers
with a mechanical advantage of approximately 3 : 1. These transfer the vi-

3.1. THE HEARING MECHANISM bration of the eardrum to the inner ear.

Hearing is necessary for many desirable things; for communication, the en-
joyment of music, and to locate sound sources, as well as the means by Hammer Anvil
which we receive undesirable noise. The reception and analysis of sound is a st.rrup oval Window
complicated process which is still not completely understood, and the ear it-
self is a complex instrument capable of excellent discrimination over a wide ~ //k I /_ / ScahzVe~ti~uliScahz Ve~ti~uli Ba$ilar Membrane
range of frequencies and sound intensities. The purpose of this chapter is to ) / ~~ _~--.~ /summarise the operation of the ear, the main methods of loudness determina-

r~/ / R~-’~o~,~-

p ~
tion, and certain noise units and criteria which are used for environmental Ea THelicot rernanoise control and assessment. Drum ~.J .....

i,0 rn ~5 10 15 20 25 30 rnm
05-I

X

Semicircular Canal

Relative 15
response Response Frequency f (kHz)

Nerve Fibers                                                                                            /
lO      8                     /

~
1.~ 0,6 0,3

Sc=la Ve~ibuli | ~                              ~"
Pit 0 ~Scare Tymp~ni 0 5 10 15 20 25 30 32,5 mm

Eultachian Tube Distance along membr~e --~ X 1~2~#

.,’" Ear Canai , - Fig. 3.2. Longitudinal section of the cochlea showingthe positions of re-{
~

Round Window, sponse maxima

"(.Outer Ear* , ~iddle: Inner Ear

The final link between the acoustic event and the neural impulse occurs in
Fig.3.1. The main parts of the ear the inner ear, which consists of two separate systems, the semi-circular can-
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3.2. MASKING AND THE CRITICAL BANDS

Hair We are very rarely exposed to just an isolated sound. The sound in which
we are interested normally occurs with several others, usually referred to as
background noise. The reception of sound, and especially the intelligibility of

Auditory speech, may be impaired or masked if the frequency components of the back-Nerve
ground noise are sufficiently loud compared with those of the sound we wish
to hear. Further difficulties arise because the physical parameters of the
masking and the masked noise may vary widely. Either noise may be narrow
band, wide band, a pure tone, steady, intermittent, or impulsive etc., thus
generating a large number of possible combinations. A lot of research has
been carried out to try to identify the effects of some of these parameters and
several areas of general agreement have been reached.

Fig. 3.3. Section across the cochlea
1. A narrow band of noise causes more masking than does a pure tone of

als which are concerned primarily with balance, and the cochlea which is con- the same intensity centred at the same frequency.
cerned with hearing. The liquid-filled cavity of the cochlea is divided into two
longitudinal canals by the basilar membrane, which extends along the coch- 2. At low levels, masking is confined to a fairly narrow band around the
lea’s entire length except for a small gap called the helicotrema at the far masking noise’s centre frequency. As the level of the masking noise in-
end. See Fig.3.2 and 3.3, which show a longitudinal section of the unfurled creases so does the frequency range over which it has an effect.
Cochlea and a section across it. When the stirrup, responding to an acoustic
stimulus, moves the oval window, the resultant fluid disturbance passes along 3. The masking effect is not symmetrical about the centre frequency of the
the upper canal, past the helicotrema, into the lower canal, and ultimately masking noise. Frequencies above the centre frequency are more easily
the round window deflects to accommodate it. During its passage through masked than those below.
the canals the disturbance distorts the basilar membrane, on whose upper sur-
face, as Fig.3.3. shows, there are thousands of extremely sensitive hair cells These general effects are shown in the simplified diagram of Fig.3.4. The
which register this distortion and transform it into nerve impulses which are ability of the ear to detect small changes in frequency and intensity, and per-
ultimately transmitted to the brain. The frequency sensitivity varies with dis- haps more importantly, methods of quantitative description have, of
tance along the basilar membrane, the maximum response at high frequen- course, been well known for many years. That the ear cad also be considered
cies occurs near the oval window and thbt at low frequencies near the helico- to act as a set of overlapping constant percentage bandwidth bandpass filters
trema. By this system of canals, levers, membranes, and hair cells, the ear is has, however, only been the result of relatively recent research. These hypo-
able to detect sounds over enormous-ranges of frequency and intensity. The thetical filters apparently have normal practical filter characteristics.
highest frequency sound the healthy human ear can hear is 1000 times the
frequency of the lowest, and the loudest can have a sound pressure one mil- t Increasing the bandwidth of a noise beyond a critical value does not lead to
lion times that of the quietest that can be heard (an intensity ratio of increased masking of a pure tone at its centre frequency. This concept of a
1012:1). critical bandwidth means that only the energy near the frequency of the

sound to be masked contributes significantly towards its masking, and forms
Unfortunately, no simple relationship exists between the measured physi- a basis for explaining other phenomena such as loudness and auditory fa-

cal sound pressure level and the human perception of the same sound. The tigue. According to Zwicker one critical band corresponds to a distance of ap-
loudness of a pure tone of constant sound level, perhaps the simplest acous- proximately 1,3 mm along the basilar membrane (defined as 1 Bark) and
tic signal of all, varies with its frequency, and that of a short pulse will vary bears a direct relationship to the response maxima along it. This led to the
with its duration as well, even though the sound pressure may be the same definition of critical bands and their associated bandwidths as in Fig.3.5. The
in every case. The treatment of acoustic noise and its effects is therefore a critical bandwidth over a wide range of frequencies, especially at the high
complicated problem, which must take a wide variety of parameters into ac- end of the range, approximates to 23% i.e. 1/3 of an octave, so this is often
count to achieve good correlation between measurements and the resultant used to justify the use of 1/3 octave band analysis in noise measurement as
human perception or reaction, a good approximation to the way in which the ear itself actually works. "
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Level of ma~kl~ noi=e L ~ i10 de 3.3. LOUDNESS AND ITS DETERMINATION

oo ooo ioo o ,oooooo  o ,o,ooos ooo ot or ooi.
been exhaustively investigated and various sets of equal loudness level con-

/~
tours proposed. These curves are the result of a large number of different psy-

l i (~ cho-acoustical experiments, and each is therefore valid only for the particular
experimental conditions of the test itself. The sound source may, for exam-

~o
~ pie, be a pure tone or a frequency band of various width; the subject may be

i ~ ~I ~

in a free or reverberent field; a stimulus may be applied to one or both ears

~ ’o by means of sound sources in the room, or directly by earphones. The curves
finally obtained are usually the result of smoothing and averaging the statisti-
cal properties over large groups of people with normal hearing in the age
group 1 8 to 25 years. Fig.3.6 shows the loudness level contours which have
been internationally standardized for pure tones heard under standard condi-

\!       I ~ ~ X    tions, and demonstrates how the subjective loudness, of a pure tone of given~
j

physical sound pressure level, varies with frequency. Tests were carried out
~ 4o \ / by presenting the tone to be judged to the subject, who adjusted a 1000 Hz
= reference tone until it appeared to have the same loudness. 1OO0 Hz is thus

[~k "~ the reference for all loudness measurements, and all contours of equal loud-

Threshold of Hearing" 120 ~ ~ 120.,

"’,,,~jjil,i \\\ ~\ ~/" """~’ ’"’ " ~-
100 --- ~ ~ 100~o

50 100 200 500 Hz 1 2 4 8 kHz 18
Frequency ~ i’~’~a .~ ~

Fig.3,4. Masking effect of a narrow band noise centred at 1200 Hz at various ~ - ~    -~
levels (after ZwickerJ. A 50 dB 4 kHz tone (marked +) can be heard if ~ 7o "~ ~ 7o~
the masking noise level is 90 dB, but is masked if its level rises to ~                ~ so

~" "-~ ~o -~. ~L ’ \~jl OO dB ~ ~ ~-

Critical Band (Bark} 1 2 3 4 5 6 7 8 ~
~ ,~              so

Centre Frequency (Hz) 50 150 250 350 450 570 700 840 "~ 40
~" "~--~’~-

40

Bandwidth f (Hz) 100 100 100 100 110 120 140 150 ! 30
Critical Band (Bark) 9 10 11 12 13 14 15 16 ~ 2o                   -, ~
Centre Frequency(Hz) 1000 1170 1370 16OO 1850 2150 2500 2900 o~ "--~ "" ..j._ ,~" ,,.,,
3andwidth f (Hz) 160 190 210 240 280 320 380 450 ~o --

Critical Band (Bark)        17    18    19    20    21    22      23     24                     o                                         P~o~ ..... - ¯       :
Centre Frequency(Hz) 3400 4000 4800 5800 7000 8500 10500 13500 .
8andwidthf(Hz) 550 700 900 1100 1300 1800 2500 3800 20Hz30 40 60 80100 2~0 300400 6008001000 2kHz3 4 6 ~ 10 15

Frequency

Fig. 3.5. Table of critical bands (Frequenz-gruppenJ Fig. 3.6. Normal Equal Loudness Contours for pure tones
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ness level, expressed in Phons, have the same numerical vafiJe as the sound dised pure tone loudness curves. This is not always practicable, especially
pressure level at lO00Hz. A 50dB tone at 1 kHz thus has the same loud- when making assessments in the field, and it was recognised that a method
ness level, 50 phons, as a 73dB tone at 50Hz or a 42dB t.one at 4000Hz, which substituted calculation for comparison could be much more easily and
theear’s most sensitive frequency. Generally, then, it can be seen that the widely used. A procedure was therefore developed by Zwicker which uses
loudness level of a pure tone at a given sound pressure level falls off at low 1/3 octave bands as its basic data, corrected for the effects of masking, and
frequencies and at very high frequencies, and is a maximum at approximately enables the loudness of complex broadband noises, (which may include pure
4kHz. In addition, at very high sound pressure levels, tones of all frequencies tone~) to be evaluated for both free field and diffuse conditions. Another
tend to have similar loudness. The ear’s assessment of loudness is therefore method, due to’ Stevens, is simpler to use but rather more restricted in its
very non-linear in relation to both frequency and absolute sound pressure le- areas of application. It can only be used for diffuse sound fields with a flat
vel, but for a given noise, a rise of lOdB in sound pressure level corresponds spectrum and makes use of octave bands, again corrected for the masking ef-
approximately to a doubling of subjective loudness. A scale proportional to fects mentioned in the last section. Both the Zwicker and Stevens loudness
perceived loudness, the sone scale, has been developed to represent this sub- calculation procedures are discussed in detail together with examples of their
jective parameter. It is shown irt graphical form in Fig.3.7 and is mathemati- application in Appendix C, and both methods have been accepted by ISO as

cally given by , :, ~,::,~ ~., ,~; = ,~ ~" :/"~ ~ standard loudness calculation procedures.

3.4. LOUDNESS OF SHORT DURATION SOUNDS
where P = loudness level in phons and S = the loudness in sones. On this
scale 1 sone is defined as the loudness of a sound of loudness level 40 .J In the previous sections, the loudness of a sound as perceived by the ear
phons, so 30 phons is 0,5 sones, 50.phons is 2 sones, 60 phons is 4 sones ~ was shown tO be dependent on both its amplitude and its frequency. If, in ad-

~, ¯ ~) dition, the sound stimulus is of relatively short duration (less than about 200etc.
~= ~’~ ~ ~ ~ msecs.), its loudness is reduced compared with the same sound heard contin-

~ ~ ~ 300 0~. /~"~. ~> :? ~,~,~, ,~ uously. The shorter the duration becomes, the less loud the sound appears to
J. 200 I I / L’" m,-3~’.~.,’. ~;~ be. Many experimenters have investigated this phenomenon, and research

~ Loudness / , ,~ ~ on the subject has recently been given a boost by the desire to define more
,~t~ ~

100~at ~000Hz , closely the relationship between sounds of short duration and both hearing

,~ [~.~ 5030
/ damage and annoyance.

~)k .~,. 20 / The results of Fig.3.8 were obtained from psycho-acoustic experiments in
.. 10

Loudn~s Level (Phons) ~ ~ ~% ~’e

0Fig.3.7. The relationship between loudness in Sones and loudness level in 10 20,=c.~ 1~ 200 500 1 2=~ 5 10 20 50 100200 5~ ls~. 2
Phons

Impulse duration

Fig.3.8. Results from different researchers of the subjective perception of
The loudness of more complex sounds, e.g. 1/3 octave band noise, may be short impulses compared with the standardized sound level meter

determined by the comparison method in the same way as the now-stander- characteristics and inner ear response times



which tone-burst impulses of different durations were compared with steady though they are slightly different in detail. Not all this loss may be directly at-

tones. The ordinate of the figure is the sound pressure level difference, (Li- tributable to aging; some of it may be due to the noise which bombards mod-

LD), between the level of the impulse, Li, and the steady sound level, LD, ern man from all sides in his normal day to day activities. But such non-

which was judged equally loud. The abscissa is simply the pulse duration. As occupational hearing loss contributions, (dubbed ’sociocusis’) are very difficult
long as its duration is greater than a certain length, the loudness of a pulse to quantify. Measurements of the hearing thresholds of Nomadic tribesmen

is judged to be equal to that of a steady sound of the same sound pressure le- living in exceptionally quiet rural conditions indicate their age-related hearing

vel, i.e. (Li -- LD) = 0. For shorter pulses, however, the loudness decreases loss to be far smaller than that of comparable groups in industrialised court-

with pulse length. The break-point corresponds to the effective averaging tries, although this may be due at least in part to the vast difference in other,

time of the ear, and the slope of most of the curves show that an increase of non-acoustic, factors.

3dB in sound pressure level (a doubling of pulse intensity) is necessary to
maintain the same perceived loudness when the pulse duration is halved. As A correction at each frequency must be applied to audiograms to take ac-

the product of intensity and time is an energy, the ear appears to act as an count of this age-dependent characteristic, in order to be able to arrive at the

energy-sensitive device, as far as the perception of loudness is concerned, amount of hearing damage which can fairly be attributed to the effects of

The impulse characteristic of sound measuring systems has been standar- noise exposure.

dised on this basis, (see Fig.3.8) the time constant being designed to give a
measure of the loudness of single impulses. For the correct measurement of
actual peak levels for purposes other than loudness evaluation, an instru- 3.6. NOISE-INDUCED HEARING LOSS

ment is required which is capable of detecting and holding peaks with rise
times of less than 50 microsecs. Steady Noise

3.5. AGE-RELATED HEARING LOSS -- PRESBYCUSlS
If the ear is exposed to a high level of noise for a short period, a test of the

sensitivity of that ear taken immediately afterwards reveals a small hearing
The normal aging process leads to hearing losses which tend to be small loss known as a temporary threshold shift. The hearing threshold is the low-

up to the age of 30 years or so and increase rapidly as old age is reached,
est sound pressure level which can be detected by the subject, and this may

Low frequencies below say 1 kHz are relatively little affected, but the loss in-
rise by up to 20 dB at certain frequencies after even a relatively short e(po-

creases steadily with frequency as demonstrated by the results of two inde- sure. That is, a sound would have to be much louder than it was before the

pendent surveys shown in Fig. 3.9 which both show the same trends al-
exposure to be heard afterwards. Fortunately, the phenomenon is temporary
in nature, the ear recovering its original sensitivity after a relatively short

II
/~//~//~ kHzll ~~kHz b ~3 kl~                                ~@l~l

time, any permanent threshold shift being too small to measure.

However, as the level and/or the exposure time increase, so too does the
./~//, ~, kHz ’ temporary threshold shift and the length of time the ear takes to recover from

/[/7"/ it. As long as the exposure times are relatively short and the intervals be-
3 kHz 6 k ’ tween them are long, then the permanent effects are not significant. Unfortu-

/~/-/

n ately, a la rge number of people workin factories and workshops where the
2 kHz noise levels are consistently high; and when the exposure takes place regu-

larly for up to 8 hours every day, year after year, the effects cease to be tem-
porary. A permanent hearing loss develops which in time may become severe’ .,’~/,// ~"~0oo lol
enough to make normal conversation difficult to follow, and ultimately lead to

~.~~=~~ ~~~,50~ ii chronic disability. The damage is by this time permanent and irreversible, for
no amount of "rest" will lead to any significant recovery.

20 30    40 50 60 Year= 70 20    30 40 50 60 Year~ 70| The form which a loss of hearing takes is remarkably independent of the
~1 mechanism which brings it about. There is almost always an initial dip in the

Fig.3.9. Average normalage-related hearing loss audiogram at approximately 4 kHz., whatever the frequency content of the

a) According to Spoor b) According to Hinchcliffe noise exposure which caused the damage, and the greatest shift is invariably
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-10 wise apparently harmless objects such as toy pistols, clicking toys and fire-
~= works are also capable of emitting dangerously high levels of impulsive noise.

~ o                         --
- .-----------~ ~

~
Based on audiometric studies and close examination of the physical charac-~ ~---------" ~ ......

"- ~    ~ teristics of impulsive sources, some factors important in causing damage
~z 10., ._....-=.-:-.-;; ........LL:~...~..~ ~                                              ~’~--~     "~\\ ~ / have been identified. These include peak level, duration, rise time, and in the

i3o .... \
,~

/ case of repeated events or reverberent fields, the repetition rate or reflection
~ \ ~       ./ / intensity respectively. The problem is further complicated because the Ioud-

~̄ 3o ¯ ness of a pulse reduces with its length below a certain critical duration
’~

Expo~m / "" ~ (see Fig.3.8). Acoustic impulses of extremely short duration, which may¯. \ //..

~40 1 2 Year= ~ ~ / be intense enough to contribute to hearing damage, may sound relatively
5- 9 Year= ¯ .. quiet to the observer, and therefore the possibility of a hearing hazard may be

’~ "~ overlooked. Normal sound level meters are designed for steady-state condi-~~ 50 15- 19 Year= ~

tions and cannot respond with the very rapid rise times of impulsive sounds,
~ 60 ........ 25.29 Year= and will in general underestimate the extent of a potential hearing hazard. To

35.39 Year= measure the absolute sound pressure level of an impulsive noise correctly, it
70 is necessary to use a precision meter with a very rapid rise time (50 psec. or
0,125 0,25 0,50 1 2 3 4 6 8Frequency kHz ~;,~ less) and a peak hold facility, so that the true maximum peak level can be iden-

tified and the value retained. However, if a measure of the subjective loud-
Fig.3. 10. The development of noise induced hearing loss ness only is required, a Precision Impulse Sound Level Meter with the inter-

at a frequency above that of the noise. This is characteristic of noise-induced
nationally agreed time constants and characteristics should be employed.

hearing loss, and occurs for both temporary and permanent threshold shifts.. The noise specialist should always approach a noise measurement aware

Permanent damage begins, as does the temporary, with a drop in sensitiv- of the need to check for characteristics in the noise which might necessitate
ity around 4 kHz., and as the exposure time increases, the shift becomes grea- the use of special instruments or techniques of measurement or analys~s. Im-

ter and extends gradually down to include the lower frequencies. The course pulsiveness is perhaps the most important of these, and will be mentio,~ed in

which this takes is very clearly shown in Fig.3.10, which is taken from a specific instances in later sections.
classic survey of jute weavers in Dundee, Scotland. The workforce was parti-
cularly stable, many of them having worked at the same factory, and in some 3.7. NOISINESS AND ANNOYANCE ~ SUBJECTIVE RATING SCALES

cases at the same loom, for up to 50 years. During this time virtually the FROM BASIC ACOUSTIC MEASUREMENTS

same machinery was in continuous use and the noise had therefore rem-
ained remarkably constant. This provided an excellent opportunity to obtain The previous sections of this chapter have dealt with the mechanism of

all the necessary information at one time and in one place. The sample even hearing and the determination of loudness. The latter concept is well under-

included people who had left the industry or retired after a significant period stood, and prediction methods, although still the subject of discussion and re-

of exposure and therefore had had a long time for any recovery process to finement, are firmly established in the relevant standards. This is hardly the

have ended. Of particular interest is that the disability shown in Fig.3.10 case, however, for noisiness and annoyance. Although certain qualities of a

rarely exceeds 20dB below 1 kHz, and is less severe at frequencies of 6 kHz sound have been identified as increasing subjective reaction to it, the effects

and above than it is between 1 kHz and 5 kHz, which is the frequency range of non-acoustic stimuli and the high variability in the response of individuals
to an identical acoustic event, have made the prediction of annoyance ratherof most importance to the understanding of speech.
more difficult.

Impulsive Noise
When assessing community reaction to noise there is obviously a need for

Impulsive noise is particularly important both as the cause of annoyance
and as a significant hazard to hearing. It occurs widely in industry and con- a scale which relates subjective community response to some readily mea-

struction where it arises from impact-producing operations such as rivet-
sured property of that noise, preferably in terms of a single number descrip-

ting, bottling, and materials handling, and also from the explosive release of
tor. A point can then be chosen as the criterion above which the noise e~po-

energy, e.g. firearms, explosive forming, blasting, and cartridge guns. Other- sure is deemed to be unacceptable. Subsequently, similar measurements can
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be made where a noise problem exists, compared with the established crite- A brief introduction to some of the more widely used rating scales, approxi-
ria, and reliable predictions made as to its acceptability. What is meant by ac- mutely in order of increasing complexity, follows.
ceptable varies with the context. In the case of community noise the criterion
for acceptability may be a certain level of dissatisfaction with airport opera-
tion, .in the case of educational buildings or courtrooms, the ability to under- 3.7.1. Overall Sound Pressure Level
stand .speech, or in the case of factories, the avoidance of noise-induced hear-
ing loss. The aim of much noise research has therefore been to identify the This simple measure of the unweighted sound over the audible frequency
physical characteristics of noise and combine them, in a variety of ways, into range (usually taken to be 20Hz to 20kHz) is rarely used because of its poor
a noise unit which predicts subjective response consistently and accurately, correlation with subjective response.

Many characteristics have now been identified as being, important to the
generation of annoyance. As the intensity of a noise increases, it is judged to 3.7.2. A-weighted Sound Level: and other frequency weightings
be more annoying, i.e. the annoyance and loudness are simply related, and
high frequencies, above 1000 Hz are more annoying than lower frequencies. This quantity is measured directly by a calibrated microphone and amplifier
In addition, if the noise is intermittent, irregular or rhythmic, or contains im- or sound level meter incorporating an electrical filtering network which modi-
pulses or recognisable pure tones, it may be considerably more annoying ties the frequency response to follow approximately the equal loudness curve
than a steady noise of the same intensity, or even of the same perceived loud- of 40 phons. The A-weighted sound level, expressed in dB(A), has been
ness. To take account of all these factors, and many others, in a single noise shown to correlate extremely well with subjective response and shown up
unit is clearly a formidable task, especially when the large variability of indi- consistently well in comparisons with other noise scales. This fact, together
vidual responses and a wide range of noise types has to be considered, with the ease with which measurements using a sound level meter can be

Some rating scales involve a simple single measurement, some require a
knowledge of the spectrum, others require temporal statistics, and still others
are formed by amalgamating all these parameters. It is important, therefore,
when choosing a noise rating unit for a particular application to consider care-
fully whether the increase in predictive precision, if any, in adopting a more ~20
complicatedmethodislikelytorepaythelargeamountofextrameasurement ~10and computation necessary. It should also be recognised that scales deve-
loped to rate one particular type of noise may give wildly inaccurate predic- o c..~
tions when used to rate another, especially if their spectral or temporal char- rating naturally groups,
acteristics differ significantly. -10

These considerations divide methods into two the                   __
first of which, the scale, describes only the physical characteristics of the
acoustic stimulus itself. This scale may be a simple A-weighted sound level, -4o ....
a more complicated measure of the statistical noise variation, or may form
the basis of a calculated scale that predicts subjective response with regard
to, for example, speech interference or perceived noisiness. -6o ../

The second group, the procedure, attempts to standardise methods and to -7o ~ , .
assess the non-acoustic, but still relevant, external factors which may affect 10 2 5 102 2 5 103 2 5 104    2

community response in the social context in which the noise occurs. Most Frequency Hz

procedures stipulate the scales used to rate the noise, the way in which
measurements are made, and penalties and relaxations, in terms of small
changes, in dB, to the measured noise, to allow for such factors as the char- Fig.3.11. The internationally standardized weighting curves for sound level
acteristics of the noise, time of day, and type of neighbourhood, meters and recently suggested E and SI weighting
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_made, has led to its adoption in many national and international codes and Leq is Used as the basis for calculating LNp and LDN, and is used in its own
standards. Because individual response to noise varies so widely and be- right in American, German and other national and international standards for
cause noise scales are so highly correlated with each other it is often argued rating some forms of community noise. An important use of the unit is in the
that A-weighted sound levels are as good as any other method of subjectively assessment of hearing loss risk where it has gaioed wide acceptance among
rating noise, national and international bodies.

The other frequency weightings which are internationally standardised and
in current use are shown in Fig.3.11. The B-weighting and C-weighting 3.7.4. LDN --The Day-Night average sound level
more or less follow the 70 and 100 phon contours respectively. The D-
weighting approximately follows a contour of perceived noisiness, and is An Leq with a 10dB weighting for noise occurring during the night-time pe-
used for single event aircraft noise measurement, which is discussed at grea- riod from 22:00 to 07:00. The scale has been suggested for community
ter length in section 6.2. noise assessment by the US Environmental Protection Agency as an improve-

ment on the basic Leq to take into account the increased annoyance caused
Several other recently suggested weightings for application to specific by noise at night.

areas of measurement are shown in Fig.3.11. Various D-weightings have
been proposed by several authors for estimating perceived noise level, and
the E- (or Ear) weighting by Stevens. The SI-weighting suggested by Webster 3.7.5. LNp -- the Noise Pollution Level
for the assessment of speech interference, concentrates heavily on the pre-
dominant speech frequencies. The rating comprises two terms, the first a measure of the equivalent con-

tinuous sound level, and the second representing the increase of annoyance
The A-weighting is by far the most widely used of these scales and can be caused by fluctuations in that level, it is defined as follows:

incorporated into small, portable instruments with all the necessary character- I~.
istics to measure steady sound levels. The A-weighted sound level of a fluctu-

LNP ~- ~’eq -}- KG
ating signal can be sampled to yield statistical information such as the Leq or
LN, the level exceeded for N % of the measurement period, and these mea-
sures may in turn form the basic data for more complex noise scales, where Leq iS the A-weighted equivalent continuous sound level durir~g the 03

measurement period.
~ is the standard deviation of the instantaneous level during the

same period. ~._
K is a constant tentatively set at 2,56 by the originator of the scale,

3.7.3. L=q -- Equivalent Continuous Sound Level D.W. Robinson of the British National Physical Laboratory. This
was the best fit with data then available from British studies of

Leq is the A-weighted energy mean of the noise level averaged over the subjective response to aircraft and traffic noise.
measurement period. It can be considered as the continuous steady noise le-
vel which would have the same total A-weighted acoustic energy as the real
fluctuating noise measured over the same period of time, and is defined as 3.7.6. TNI -- Traffic Noise Index

The basic unit of measurement is again the A-weighted sound level, mea-

lOl°gl°=Jo/ ~--~o/ dt
sured outdoors during a 24 hour period. The two statistical levels LlO andLea
Lg0, those exceeded for 10 and 90 percent of the time respectively, are de-
termined. The Lgo can be considered as an average background level into

where T    is the total measurement time                                          which the LlO, as an average peak level, intrudes. It is defined as follows
PA(t) is the A-weighted instantaneous acoustic pressure

and Po    is the reference acoustic pressure (20pPa) TIVI = 4(L ~ o - L 9o) - 30
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The term (Llo -- L9O) has been called the "noise climate" by some au- Lapn = lO/og~o ~/ o
thors and the final arbitrary constant is included to yield more convenient
numbers. As in the case of the Noise Pollution Level, emphasis is placed on
the fact that signifcant annoyance is attributable to the variation of the noise where L is the peak noise level in PNdB.
level with time, as well as to some average measure of its amplitude.

The rating was used for airport planning procedures in Great Britain, and
formed the basis of a scheme under which residents in the vicinity of London

3.7.7. PNI.- Perceived Noise Level (Heathrow) Airport were able to obtain grants towards the installation costs
of noise insulation for their homes.

PNL is a rating for single aircraft flyovers, based on a concept of perceived
noisiness which originally assumed the judgement of a jury, and resulted
from extensive subjective experiments to determine the relationship between 3.7.9. LAX -- Single Event Noise Exposure Level
"noisiness", "annoyance" and the physical characteristics of aimraft noise.
Now it invariably implies an extensive calculation procedure, and has been ap- This is defined as the constant level which, if maintained for a period of
plied to other than the jet aircraft noise for which it was first designed. The one second, would deliver the same A-weighted noise energy to the receiver
calculations are based on a frequency analysis in third-octave-bands mea- as the actual event itself. This is, then, basically an Leq, which is normalised
sured every one half second or less, which are weighted and summed to give to a time period of one second.
a perceived noisines~ value (in Noys)for each time interval. This value is con-

(.:o /pAit~\ 2 dtverted to give the Perceived Noise Level (in PNdB), by means of a standard Mathematically, LAX = 10 JOg10 J-ooI "’|\ p--~! "~---~
table. Corrections may be made to this value to account for the increased an-
noyance attributable to the duration of the flyover and the tonal content of
noise from rotating engine parts, forming a more refined unit, the Tone-Cor- Where PA(t) is the instantenous A-weighted sound pressure 03
rected, Effective Perceived Noise Level, (expressed in Tone-corrected EPNdB.) Pref is the reference pressure, 20 micropascals

T ref iS the reference time, i.e. 1 second
These procedures are discussed further in section 6.2 and in detail in the

relevant national and ISO publications. Aircraft noise measurement is an in- In practice the following is often used 03
creasingly sophisticated and complicated subject and it is essential for any-
one planning such measurements to study the current cedes and literature in ,t2
order to be aware of new techniques and changes in procedure.                                              LAx = 10 Iog~ o -t,

I
3.7.8. NNI -- The Noise and Number Index Where LA(t) is the instantaneous A-weighted sound pressure level

t1 and t2 define the time interval in which the level remains within
Specifically for aircraft noise, it was developed during the period of the Wil- 10 dB of its maximum during the event.

son Committee Report on Noise in Great Britain. It takes into account both
the average peak noise level, measured in PNdB0 uncorrected for either dura- The usefulness of this concept becomes most apparent when dealing with
tion or pure tones, and the number of events occuring during the measure- an environment in which a number of different types of noise event occur.
merit period. The unit is defined as follows These may differ because of the operating conditions or individual characteris-

~ tics of the same general type of source, such as aircraft, or the occurrence
NNI = L~p~ + 15 log1 o N - 80 of two or more totally different types of noise source. In either case a know-

ledge- of the normalised single event exposure level, LAX, for each type of
Where N is the number of aircraft flyovers during the measurement period, event, further categorised in terms of operating conditions where applicable,
The constant 80 is subtracted to bring the index to zero for conditions of no has many advantages. When describing any noisy environment in terms of
"annoyance" which were identified for single event noise levels of approxi- the Equivalent Continuous Sound Level, Leq, or designing a mathematical
mately 80 PNdB. Positive numbers are then an indication of potential annoy- model for prediction purposes, the Leq, and other units based on it, such as
ance. Average peak noise level is defined as follows Ldn, can be readily calculated from the various LAX s, as follows.
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I " L~x~ tion, and other details of the procedure, should be in accordance with the ~oL.o = 1o  og,o o
standards of that country. The differences between national standards may
be extremely significant for some types of noise, for example ISO 1996 rec-

where n is the total number of events in time T ommends the use of the "fast" meter characteristic and defines the back-
LAXl is the single event noise exposure level for the i’th event ground level as the A-weighted Lgs, whereas BS 4142 recommends "slow"

and defines the background as the Lgo. Although the difference between
It has, therefore, the advantage that the units used to describe both the indi- Lgo and L95 will not generally be significant, meter readings taken on fast
vidual sources and the overall environment are fully compatible, although it and slow settings may differ appreciably for rapidly fluctuating sounds. Rec-
is implicit in the method that all sources are adequately subjectively rated by ommended corrections both to the basic criterion and to the measured noise
their equivalent A-weighted energy alone. The new draft International Stand- levels may also differ in numerical value. The time of day (and sometimes
ard Procedure for describing aircraft noise heard on the ground, specifically also the time of year), type of neighbourhood, the use to which an area of
includes LAX as a suitable simplified unit for application to aircraft noise sur- land or building is put, and, where indoor standards are concerned, the build-
veys intended for environmental assessment rather than certification pur- ing sound insulation, are all considered when assessing the acceptability of a
poses. It has also been recently applied to Other circumstances, some of given noise exposure. These parameters are taken into account in the form of
which have been referenced at the end of this chapter, corrections which are made to the basic criterion and form a measure of an

area’s tolerance to noise in general. A measure of the tolerability of the parti-
cular noise to be rated is formed by imposing penalties on the noise itself if it

3.8. COMMUNITY NOISE ANNOYANCE -- CRITERIA AND RATING contains pure tones or impulses, which are easily identified and which lead
PROCEDURES to increased annoyance.

When interest in community noise annoyance first developed, the relation- The basic criteria may be set at an absolute level, especially for planning
ship between physical noise measurements and the response of an "aver- purposes involving large new developments, which completely alter the char- 03
age" population was based on its tolerance of nominally steady noise levels acter of an entire area and dominate its noise climate. If a relevant back-
which could be readily measured. Controls, where they were instituted, were ground noise level can be measured this should always be used in prefer-
of a simple type, often only stipulating that a criterion noise level should not ence, because complaints are likely whenever it is exceeded by a cart~in mar- 14)
be exceeded, with perhaps a lower value to be observed at night. More re- gin, regardless of its absolute level. The ISO recommendation "Assessment
cently, however, much work has been done to determine parameters which of noise with respect to Community Response",which will be used as an ex-
adequately describe the annoyance caused by the variability of fluctuating or ample of a typical procedure, suggests that a basic outdoor noise criterion of
intermittent noise levels, their duration, and the time of their occurrence. 35 to 45 dB(A)be applied in residential areas where measurements of the ex-

isting background noise levels are not available. Corrections recommended
Standards now exist which implicitly take all these temporal characteristics for different types of district are:

into account, although the type of noise source which can be rated by these
Standards differ from country to country. For example, the British Standard Correction to basic
13S 4142 is intended only for the assessment of noise from Industrial Prem- Type of district criterion
ises, the International Standards Organisetion Recommendation 1996 encom- dB
passes all community noise except that from aircraft, while California’s Com-
munity Noise Equivalent Level, which is an A-weighted Leq with additional Rural residential, zones of hospitals, recreation 0
penalties for evening and night-time exposure, is intended for application to Suburban residential, little road traffic +5
all types of community noise.

Urban residential + 10

Most procedures consist of two elements, a measured noise level, suitably                      Residential urban with some workshops or with
+15corrected for the "annoyability" of its characteristics and called the rating Business or with main roads

noise level, and a criterion level, corrected for external and social factors,
with which it is ultimately compared and assessed. City (business, trade, administration) + 20

Predominantly industrial area (heavy industry) + 25
Where National standards exist in a particular country, the area of applica-
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Further corrections, which concern the time of the day are:
CorrectionCharacteristic features of the noise               dB (A)Time of day                        Correction to basic criterion, dB (A) .....

Day time                                        0                                            Peak factor                 Impulsive noise (e.g. noise     + 5
from hammering)
Audible tone componentsEvening -5 Spectrum character (e.g. whine) present + 5

Night time -10 to -15 ~,2~ Duration of the noise with Between:
sound level L~, in percent 100 and 56% 0

In the case of rooms, the above values may be converted into internal criteria of the relevant time period 56 and 18% -5
by the application of the following approximate corrections for the insulation 18 and 6% -10
of facades with windows: 6 and 1,8% -15

1,8 - 0,6% -20
0,6 -- 0,2% -25

Window conditions Correction, dB (A) less than 0,2% -30

Windows open -10 The rating sound level may now be compared with the corrected criterion to
Single window shut -15 gauge the impact of the noise on the environment and assess the probable in-
Double windows shut or non,openqble tensity of community reaction according to the following scale.

window --20

~,mount in dB(A) by which the Estimated community response
If measured values for facade insulation are available these should be substi- rating sound level exceeds
tuted. In addition, the criterion should not be set below 20 dB(A). For noise in the noise criterion Category Description
non-residential rooms the following internal criteria are proposed.

0 None No observed reaction
5 Little Sporadic complaints

Type of room Noise criterion dB (A) 10 Medium Widespread complaints
15 Strong Threats of community action

Larger office, business store, department                                             20               Very strong     Vigorous community action
35store, meeting room, quiet restaurant

Larger restaurant, secretarial office (with
typewriter) 45 The above Example is based on measurements of the A-weighted sound le-

vel, but a frequency analysis may be preferable for some rating purposes and
Larger typing hails 55 is essential for the evaluation of noise control measures. The measured noise
Workshops (according to intended use) 45-75 spectrum is then compared with a group of rating curves in order to identify

,,~,~ the bands which are most intrusive. These curves are approximately the
same shape as those of equal loudness and several slightly differing groups

The second element in the Comparison, the rating sound level, is the sum of exist, including the American Noise Criteria (NC) curves and the International
the measured level of the noise to be assessed and all the corrections which Standards Organisation Noise Rating (NR) curves. Typically, measurements
take into account identifiable characteristics, duration, and fluctuation. The are made in octave bands, corrected as explained previously, and compared
noise can be measured directly with a sound level meter if it is steady or in- with the NR curves, the NR criterion being taken as 5 lower numerically than
termittent, whatever its spectral or impulsive content. If the noise variation the equivalent criterion set in dB(A) if such comparisons are necessary. A
with time is more complicated, the Leq, as defined in the previous section, practical example of the use of these curves is given in Section 5.2.
should be obtained. Corrections for impulsiveness, spectral character, and du-
ration should be applied as below, to determine the rating sound level.
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3.9. HEARING DAMAGE RISK CRITERIA spending enough time in a quieter area to maintain his total noise dose be-
low that permissible.

Occupational Noise has only recently been widely acknowledged as a poten-
tially serious health problem, but it is certainly not a new phenomenon. Hear- The trade-off between noise level and permitted exposure time is still the
ing impairment was observed in Blacksmiths and attributed by observers to subject of some diverge’nce of opinion. The International Standard, which will
the noisiness of their work as early as 1 830. In many areas, especially in pro- be used as an example here, allows 3 dB increase in noise level per halving
ductive industry, it seems to have been accepted in the past, by both manage- of exposure duration but the American Occupational Safety and Health Act
merit and work force, as an unavoidable, if undesirable part of the job. To (OSHA) permits 5 dB,’as do the Canadian Provinces and some European coun-
some extent this still appears to be the current attitude, either because the tries. In addition th.ere are differences between the standards of different
harmful effects of high noise levels are not fully recognised, or because to countries which mare a study of the relevant document before assessing the
the layman improvements appear difficult or even impossible. Fortunately, risk imperative. The overriding limit varies in value as well as in the manner
this need not, indeed should not, be the case, and the benefits to both era- in which it is measured, as also does the peak impulse allowed, and some
ployee and employer of a quiet and pleasant working environment are becom- countries, e.g. the =USA also stipulate the maximum daily "dose" of impulses.
ing increasingly appreciated. A brief summary of some national standards follows.

The diverse effects of noise in factories and offices, and methods for its National Standards on Occupational Noise Exposure Limits
control to achieve a comfortable environment conducive to efficiency are dis-
cussed at greater length in section 5.2; here we are only concerned with Steady

Time Halving Over- Impulse Impulses
noise in relation to permanent hearing loss. In general this will not be a prob-

EECstatemember noiSelevel
exposure rate ridinglimitpeakSPL(no]

lem in shops and offices where levels, are unlikely to be high enough to con- (h) (dB(A)) day)
tribute towards hearing impairment. (dB(A)) (dB(A)) (dB)

For steady noise, good correlation has been demonstrated between hearing Germany 90 8 ....
damage risk and A-weighted sound level measurements, and this unit is now France 90 40 ....
universally employed when rating noise for this purpose. Useful on-the-spot Belgium 90 40 5 110 140 100
measurements can therefore be made using simple sound level meters, espe- Luxembourg -
cially when defining likely problem areas during the early stages of a hearing Netherlands - 03

UK 90 8 3 135" 150 -conservation program. Frequency analysis techniques, on the other hand, are
generally unavoidable when noise control measures are being considered and Irish Rep. 90 .....

Italy 90 8 5 115 140 - ,~-designed. Denmark 90 40 3 115 - - /
Although a maximum peak noise level, which should never be exceeded in Others

a place of work, is quoted in most standards, the more important recent con- Sweden 85 40 3 115 - -
cept is that of the maximum allowed noise dose which takes into account Norway. -
both the time-varying noise level and its duration. This dose is the A- USA(Fed.) 90 8 5 115 140 100
weighted equivalent noise level limit, or Leq, to which an employee may be Canada (Fed.) 90 8 5 115 140 -
subjected for a normal working week of 40 hours, (or sometimes a day of 8 Australia 90 8 3 115 -- --hours) before he runs a significant risk of permanent hearing loss. This is of
course a statistical limit applied over the whole population, the susceptibility * UK over-riding limit 135 dB (SPL), on ’fast’ response (After Hay)

of individuals to hearing damage will therefore vary widely for a given dose. The ISO standard will be used as an example to demonstrate the method ofThe allowable dose varies slightly between countries but is usually 85 or
90 dB(A) and is referred to as the criterion (or 100%) noise dose. The advan-

assessing an employee’s noise dose. A composite index is built up from a
number of partial indices which represent the various noise exposures which

tages of expressing the noise dose in this manner is that 100% will always an employee experiences during his work. His exposure may vary either be-
represent the criterion dose whatever the measurement duration and how- cause of changes in noise levels during different processes at his work place,
ever it is accumulated. An employee may spend some time in a noise environ- or because of his own movement between different areas of the factory.
ment in excess of the criterion value as long as he also compensates for it by
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fore embarking on measurements to determine the exposure, the following
Duration Partial noise exposure indices o~°

points should be noted, per week
Sound level in dB(A) (Class midpoint) O

1. The rating method is not applicable to impulsive noises consisting of
[ t Inoise of a duration less than 1 sec., or single high level transients df a h mln 80 85 90 95 100 105 110 115 120

very short duration, for example, from gunfire.
10 5 15 40 130 415

2. "Noises for which the sound level is less than 80dB(A) may be disre- 12 5 15 50 160 500
14 " 5 20 60 185 585garded" once all corrections have been taken into account.                                  16                         5 20     65 210 665

18 10 25 75 235 750
3. "If the total weekly duration is less than 10 rain, the minimum value of

10 rain should be used". 20 10 25 85 265 835
25 5 10 35 105 330 1040

4. "For impulsive noise consisting of series of noise bursts of approximately 30 5 15 40 125 395 1250
equal amplitudes (for example noise from rapidly repeated hammering or 40 5 15 55 165 525 1670
riveting) an approximation to the partial noise exposure index may be 50 5 20 70 210 660 2080
based on a value 1 0 dB(A) higher than the measured sound level". 60 5 10 25 80 250 790 2500

70 5 10 30 90 290 920 2920
The impulsive quality of much industrial noise and the acoustic impulse it- 80 5 10 35 105 330 1050 3330

self are the subject of extensive r.esearch at present to determine why this 90 5 10 40 120 375 1190 3750
type of noise should be particularly damaging and to develop methods of rat- 100 5 15 40 130 415 1320 4170
ing it effectively. The harmfulness of impulsive sound appears to depend on ~1
many physical parameters of the signature including the peak pressure, dura- 2 5 15 50 160 500 1580 5000
tion, rise time and pulse shape. Most standards currently only take the first 2,5 5 20 65 200 625 1980 6250 I~.

of these, or an easily measured approximation to it, into account. Analysis of 3 10 25 75 235 750 2370 7500 14")
short duration sounds and impulsive noises is discussed in Chapter 5. 3,5 5 10 30 90 275 875 2770 875(~

4 5 10 30 100 315 1000 3160 10000 ~O

To illustrate the method let us suppose that the measured noise levels for a 5 5 15 40 125 395 1250 3950 12500~ ~
normal working week at a particular place in a workshop were distributed, 6 5 15 45 150 475 1500 4740 15000 ~.-
the class intervals being 5 dB, in the following manner 7 5 20 55 175 555 1750 5530 17500’ I

8 5 20 65 200 630 2000 6320 20000’ !

S.L. dB(A) Monday Tuesday Wednesday Thursday, Friday Total                        9 5 25 70 225 710 2250 7100 22500! O

100 0,5 0 0,5 0 0 1 10 5 10 25 80 250 790 2500 7910 25000
12 5 10 30 95 300 950 3000 9490 ! 30000

95 1 1 2 1 1 6 14 5 10 35 110 350 1110 3500 11100
90 2 2 2 2 3 11 16 5 15 40 125 400 1260 4000 12600

18          5 15    45 140    450 1420    4500 14200
85        3        2        2,5         4        3,5      15 20 5 15 50 160 500 1580 5000 15800
80 1 2 1 0,5 0,5 5 25 5 20 65 200 625 1980 6250 19800

75 0,5 1 0 0,5 0 2 30 10 25 75 235 750 2370 7500 23700
35 10 30 90 275 875 2770 8750 27700

The corresponding part~el noise-exposure indices are then obtained from Fig.3.12: 40 10 30 100 315 1000 3160 10000 31600 ,~o,2~

dB(A)      100      95       90         85      80      75
Fig. 3.12. Partial noise exposure indices

P.N.E.-indexI 25 45 25 15 0 0
~80t33

64 65



The Composite Noise exposure index is then 25 + 45 + 25 + 15= 110 and 3.10. SPEECH INTERFERENCE CRITERIA o~°
the equivalent continuous sound level read from Fig.3.13 is just over
90 dB(A). This indicates that a worker at this position runs a risk of hearing Speech Intelligibility is an important factor to be considered in the design of

impairment and that to reduce his noise dose he should be issued with ear working environments because most work involves verbal communication to

defenders, his work should be reorganised to include periods in quiet areas a greater or lesser extent. Moreover, in activities as diverse as air traffic con-

or, better still, the noise should be reduced at source, thus benefitting every- trol, complex production processes, and lecturing, where good communica-

one in the workshop,
tion is essential, the intelligibility of speech is vitally important. The two main
methods of communication, by face-to-face conversation and by telephone or
other electroacoustic device, require slightly different approaches. Speech

120ii

ii

~
has a wide range in both frequency and power. The vowels may have a
sound power as high as 50/~vatt, soft consonants only 0,03 pw, while the
maximum sound power from the male voice may be as much as 2000
pwatts. The instantenous sound pressure also varies during normal speech
by up to 30dB, the peak levels exceeded for 1% of the time being greater
than the long-term RMS by about 12 dB. The high-frequency low-energy tran-
sient consonants are the chief contributors to the intelligibility of speech, and
noise will therefore have the greatest masking effect if its spectrum is signifi-
cant in the frequency range above 500 Hz.

~90 .
¯ In addition to the factors mentioned above, the perception of speech can
~ ~ also be affected by reverberation effects, the voice quality, information con-
u~ so tent and, in communications systems, signal clipping and the frequency re-

10 2o so loo 2oe soe ~ooo 200o 5ooo ~oo0o 20000 ~ooo sponse of the system itself. In extreme cases it may also be possible to gain a
Compo=ite Noise-Exposure Index ~11 measure of the speech intelligibility performance of a system or an auditor- I~.

Fig.3.13. Relationship between Equivalent Continuous sound level and Corn- ium by carrying out actual judgement tests with panels of listeners. In the 14)

posite Noise Exposure Index more usually encountered situations, however, it is often possible to assess
speech intelligibility using only relatively simple physical measurements of
the masking noise and a small amount of subsequent calculation. Early work

Although adequate for a situation in which the employee is stationary, or
by French and Steinberg resulted in a method which used weighted fre-

where the partial noise exposures are both easily defined and few in number, quency bands of the measured noise, chosen according to their importance to ~"-

the above process becomes unweildy and tedious when applied to a great
the understanding of speech, to calculate a measure of the interference

many typical jobs in industry. The noise level at a particular place in a factory caused. This is called the Articulation Index (AI) and is expressed as a num-
(,1

may vary frequently and over a wide range, and the worker’s job may also in-
bet from 0 to 1,0, indicating 0% to 100% intelligibility. An AI less than 0,3

volve extensive movement around the factory into different noise environ-
is generally rated as unsatisfactory, between 0,3 and 0,5 acceptable, be-

ments. For these cases, a simple sound level meter cannot be used, and a
tween 0,5 and 0,7 good, and over 0,7 as excellent.

more sophisticated instrument is required which can be carried by the worker
and which integrates the noise level continuously during the entire working Later methods were based on measured levels in the three octave bands

centred on 500 Hz.,. 1 kHz and 2 kHz. These were found to be the most import-day to give the total noise dose. This instrument, the noise dose meter, mea- ant for und~,~nding speech, and the resulting arithmetic average of the
sures the A-weighted sound level and, because the damage to hearing has ...........
been found to increase with both intensity and duration, it is then "amplitude

three band levels is called the (Preferred) Speech Interference Level. (PSIL). It

weighted" and integrated to take these factors into account. The noise dose is usually compared with an average value for the voice level, ignoring the

thus determined is usually expressed in terms of a percentage of the criterion large variability of individual voice powers, and has now become the most

dose and enables workers in danger of exceeding this to be recognised imme-
widely used rating for speech interference assessment. It is a good indicator
of the ability of a noise to mask speech and has the advantage of being read-diately, ily ascertained using only a portable sound level meter with octave band facili-
ties. Fig.3.14 shows the relationship between ease of face-to-face con~ersa-
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An important factor when choosing equipment for field use, where most en-
vironmental and community noise problems naturally occur, is that it must be
truly portable. This means, in effect, that it should be easy to set up and cali-
brate on site as well as independent of external power supplies and reasona-
bly light in weight.

This chapter will develop the above points to ensure the best choise of in-
strumentation for a particular application and to ensure that the chosen in-
strumentation then gives the best possible results. To do this adequately; it is
imperative that the different methods of describing and analysing a noise
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source by means of sound pressure measurements in the far field, are fully
appreciated.

The simplest noise measurement is linear ~und pressure level, which is
independent of frequency, disregards the variation with time, and therefore ig- M~,
nores the two factors which are known to affect subjective reaction to noise
as much as the level itself. It is therefore used only when vibration measure- I - I
ments are being made, or when data is being recorded for later la~ratow an-
alysis. The frequency response is then limited only by the instrumentation.
However, by weighting the signal spectrum in a way which corres~nds to
the response of the human ear, it is possible to describe a measur~ sound
pressure level by a single value which is more representative of its subjective Fig.4. I. Block diagram of a noise measuring system
effects.

ent in detail, every system basically consists of a transducer, an analysis sec-Sound pressure levels are termed sound levels when weighted like this,
tion and a read-out unit as shown diagramatically in Fig.4.1 The transducerand are expressed as dB(A), dB(B), dB(LIN) etc. to distinguish them. The "is usually a microphone, though accelerometers, and even strain gauges, areweighting and reference level used e.g. 82dB(A), (re 20pPa) should always
sometimes used to help identify the actual mechanisms of noise emissionbe stated whenever measurements are quoted, so that no confusion can
from complex sources.arise when making later comparisons¯

With a wide variety of circuits to condition, weight, and integrate the sig-The A-weighted level has now become widely used, and many national and nal, the analysis section of the system is usually the most complex. In theinternational standards are based either on direct A-weighted measurements, simplest case it only weights the frequency spectrum of the input signal ac-
I~.or on rating units derived from them which also take the time variation into

cording to one of the standard networks, or filters it in octave one-third oc-account. Traffic noise, for example, is often expressed in terms of the A- tave or narrow bands. Treating time rather than frequency as the importantweighted sound levels which are exceeded for a certain percentage of the variable, the A-v~eighted level may be integrated to give Leq, LAX, or ~ com-measurement period, (LN), or as an Leq . Although these are essentially der- plete statistical analysis may be computed continuously. 03
ived units, the advent of sound level meters with inbuilt digital processors
has meant that they can now be read directly at the site, without the neces-

The output section often consists of a calibrated meter with a standardisedsity for later laboratory analysis.
response time,, designed to meet the relevant IEC standards shown in Fig.4.2

If a frequency analysis of the noise is required, measurements may be /
made in standard octave or one-third octave bands, depending on the applica- + 21 Meter deflection (dB tel. to continued signal level)
tion and desired resolution. Noise control curves for rating indoor noise from
such sources as office machines and ventilation systems, for example, are de- 0 I~,,,~-’. --
fined in terms of octaves, while aircraft noise measurements to ascertain -2 / i
PNL (Perceived Noise Level), are made in one-third octave bands. For some -4 Tolerance
purposes, especially where pure tones or irregular spectra are concerned, a "S~ow"-- ---
very narrow band analysis may be necessary to separate out important fre- -6 i i
quency components¯ - 8

’,l~u~=;,, / :
-10

4.2. BASIC MEASURING SYSTEMS
- 14 /j I~-I |1

A wide variety of different systems, some consisting of a number of inter- -16
2 5 10 2 5 100 2 5 1000~Hz"~ul~e"~length

connected instruments, are available for the measurement of acoustic noise t (ms)
and cover most situations likely to be found in practice. Although very differ- Fig.4¯2. Response of meter to tone bursts of varying duration
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and a level recorder to obtain a permanent record of the measured levels, dBI I I I I I I ( I
I ~o

However, recent rapid developments in electronics have made digital read- .6! ~ ~ ~ ~ ~

outs, alphanumeric printers, and cathode ray displays readily available for in- +4 lilt ,, ,,,, ,
corporation into noise measurement systems. Furthermore, the mini-compu- +2 1 ~ I I I I, I ~ I ~ ,IEC~ 17~9-

ter or programmable desk top calculator can be employed to store and com- 0 _ ~ ~ I~ --
pare data from long term monitoring stations, or to perform complex calcula- -- ..... ~ I IT I

IIII ~ II
tions such as those required for aircraft noise certification. -2~ ~ I I I ! I "k ~ I

IIII I-4 Illl I I k
lilt I I I\-6 IIII I II I

4.3, PORTABLE MEASURING INSTRUMENTS -8 [{II " ’ ’" ’
-10 I I I I I I

Perhaps the most convenient manner in which all the various elements ne- I III
I

cessary for a sound measurement system are brought together, is in the form -12 l l]l ,
of the portable sound level meter. Typical instruments range in complexity 10 20 100 200 Hz 1 2 kHz 10 20

Frequency/
from a small compact instrument for simple A-weighted measurements, up to
more comprehensive models with all the internationally standardised weight- Fig.4.4. Free-field frequency response of a Sound Level Meter to sine waves
ing networks. These may also have impulse measuring facilities, filters, or with 0° incidence compared with the precision requirements of IEC
time-averaging circuitry to obtain LAX and L~q, but still be designed for hand- 179
held operation. The simplest type, such as the Type 221 9 shown in Fig.4.3.a,
is designed for one-handed operation., to make the simple A-weighted meas- A more sophisticated lightweight hand-held instrument, the Type 2206
urements initially required in factories or offices to check noise levels, and to shown in Fig.4.3.b belongs to the very large group of sound level meters
identify problem areas for later more intensive investigation, meeting the Precision requirements of IEC 179, the frequency response re- 03

quirements of which are shown in Fig.4.4. All meters which fulfill these
standards are supplied with a precision condenser microphone for which a

~.~

wide range of accessories such as windshields, extension cables, nose
cones, is Type A, and networks aavailable. The 2206 has C linear and

’’~. thumb-operated push-switch to shift the measuring range quickly and easily

~j~.~
by 1 0 dB. The indicating meter has "fast" and "slow" damping characteris-

¯ tics conformin~ to International Standards, the "slow" characteristics being
intended for use when the fluctuations of the meter needle in the "fast"
mode are too great (more than some 4 dB) to give a well-defined value for the
sound level. An output socket is provided so that the signal can be connected
either to a portable,level recorder to obtain a permanent record of the noise

Precision Portable Tape recorder
Sound Level Meter Level Recorder 7003/7004

2206 2306 Precision
Sound Level Meter

Fig. 4.3. Examples of small portable sound level meters 2206
a) Type 2219 Sound Level Meter

7#o~o

b) Type 2206 Precision Sound Level Meter Fig.4.5. Lightweight portable instrumentation for recording noise in the field
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level, or to a tape recorder, for reproduction of the signal in the laboratory, facilities for holding the impulsive value or peak value on the meter, which ~o
when further analysis is required which is not possible in the field. See can be reset by a press switch after the reading is taken. A "D" frequency

Fig.4.5. weighting is included, (specifically for aircraft noise measurements), as well
as the other standard weightings, and the DC level or an AC signal can be
output to external~ equipment. Fig.4.6 shows a Type 1616 1/3 Octave Band
Filter Set attached to the instrument. An integrator and accelerometer, which
are available as accessories, are fitted in place of the more usual microphone
to carry out a frequency analysis of vibration.

Fig.4.6. a) Precision Sound Level Meter Type 2203
b) Impulse Precision Sound Level Meter Type 2209

The Type 2203 shown in Fig.4.6(a) is a more comprehensive meter con- Fig.4.7. Precision Sound Level Meter Type 2209 and 1/3 Octave F[/ter Set
taining a B-weighting in addition to the A and C weighting networks. Filter Type 1616 fitted with integrator and accelerometer for vibration ana-
Sets Type 1613 (octave) or 1616 (1/3 octave) can be attached directly to the lysis .-
base of the meter, electrical connections being made by means of a connect-
ing bar, to convert it into a truly portable hand-held octave or one-third oc- Octave or one-third octave filters can be combined with other accessories,
tave band analyzer, such as an accelerometer and pistonphone, to produce a completely self-con-

tained portable precision sound and vibration analysis set, as in Fig.4.8.
If the sound to be measured consists of isolated impulses or contains a Fig.4.9.ashowstheType 1621 Tunable Band Pass Filter, a completely self-

high proportion of impact noise, then the normal "fast" and "slow" time con- contained instrument, which can be connected to the entire range of preci-

stants of the ordinary precision meter are not sufficiently short to give a me- sion sound level meters in order to carry out frequency analysis in 23% (ap-
ter indication which is representative of the subjective human response. To prox. 1/3 oct.) and 3% bandwidths. A narrow band analysis like this may be
measure such signals properly, a more sophisticated instrument like the Type necessary to achieve sufficient resolution of a complicated spectrum to iden-
2209 Impulse Precision Sound Level Meter shown in Fig.4.6(b) should be tify annoying pure tones. Typical frequency analyses carried out in the field

used. This contains the special circuitry necessary for detecting and display- and recorded on a Type 2306 Portable Level Recorder are reproduced in

ing transient noise in a way which takes into account the human perception Fig.4.10. Fig.4.9b shows the Type 1623 Tracking Fi~ter which has 6%, 12%,
of impulsive sounds. These characteristics of the ear are described in a little and 23% bandwidthsand is tunable to ratios between 1/99 and 99/1 times
more detail in chapter 3, and are standardised for the purpose of impulse the frequency of the tracking signal. This enables a signal to be analyzed

sound level meters in IEC 179A and DIN 45 633-2. The instrument also has
with respect to a reference signal which is varying in frequency. When’oc-
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Fig. 4.8. Case containing Meter and accessories for precision noise and vibra-
tion measurements (Sound and Vibration Set Type 3511)

Fig.4.10. Frequency Analyses recorded in the field
a) I/3 octave fixed band b) continuous 23%    c) continuous 3°/0

31,5H~ to 16kHz, which can be used with or without the A-weighting ne-
twork.

The previously described sound level meters are all traditional types with
analogue readout in the form of an indicating needle on a direct reading
scale. Digital techniques have permitted the addition of digital readouts and

Fig.4.9. a) The Tunable Band Pass Filter Type 1621 more complex functions and facilities to the new generation of instruments.
bJ The Tracking Filter Type 1623 One of these new hybrid types is the Impulse Precision Sound Level Meter

Type 2210 shown in Fig.4.12a, designed to fulfil the specifications for the in-
tave analysis provides sufficient resolution, the Precision Sound Level Meter ternationally proposed type O laboratory reference standard instrument. A, B,

C, D, and linear weightings, the standardised "impulse", "fast", and "slow"and Octave Analyzer Type 2215 shown in Fig.4.11, a compact instrument de-
response characteristics, a peak detector with a 50/Jsec risetime, and a "max-signed for virtually one-handed operation, can be employed effectively. It con-
imum hold" facility, which operates in all modes, are all incorporated i~ thistains 10 octave bands to IEC specifications, with centre frequencies from

82 83



accelerometers and ancillary recorders, to convert it for use as a field anal-
yzer of sound and vibration. A digital output is provided for the connection of
digital peripheral equipment, such as the Alphnumeric Printer Type 2312.

The Precision Integrating Sound Level Meter Type 2218 shown in
Fig.4.12b combines a precision meter with analogue readout, and an Leq me-
ter with digital readout, in one instrument. Leq, measured to the require-
ments of ISO R 1996, R 1999 and DIN 45641, and LAX, the single event
noise exposure level, (the Leq normalised to a duration of one second), are
available at the press of a switch. These facilities are particularly useful for
the measurement of single events such as aircraft flyovers and vehicle drive-
bys, and for on-the-spot assessment of fluctuating environmental noise ex-
pressed in Leq e.g. construction, community, and occupational noise. Meas-
urement time for Leq can be preset and the elapsed time displayed, and the
measurement may be terminated at any time at the discretion of the user.

Both these instruments have very large measuring and display dynamic
ranges, which make them especially convenient for measuring widely fluctu-

Fig.4.11. The Precision Sound Level Meter and Octave Analyzer Type 2215 ating noise. The digital readout of the Type 2210 for example, has a 90 dB
dynamic range. The digital display eliminates the uncertainties of visual aver-

~~
aging, and provides a repeatable value when measuring fluctuating noise le-
vels.

The need to ascertain, for the purpose of occupational hearing coqserva-
tion, the noise exposure of employees during their normal working day, has
lead to the development of a new type of specialised integrating sound level
meter from which the "noise dose" can be determined directly. The noise

Fig.4.12. a) Impulse Precision Sound Level Meter Type 2210
b) Precision Integrating Sound Level Meter Type 2218

instrument. Gain control is automatic within a 90dB range and read-
out is via a digital display. Although designed to the most stringent of pro-
posed standards regarding Sound Level Meters for laboratory use, it is en-
tirely compatible with the usual range of other portable instruments, filters,               Fig.4.13. Noise Dose Meter Type 4424/25 (protective cover rentoved)
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dose is a measure of the total A-weighted sound energy received by an em-
ployee, and is expressed as a proportion of the allowed daily noise dose. It
therefore depends, not only on the level of the noise but also on the length of
time that the employee is exposed to it. Often, both the noise in each work
place, and the length of time spent there, vary widely so an instrument
which can be worn by the employee himself is often preferable to the alterna-
tive method of measuring the noise in each place of work, deciding how long
is
the entire working day .....

The noise dose meter, however, records the wearer’s actual exposure,
wherever he may be and however long he may be there. In addition it is
small, compact, and light enough to be worn without hampering work, and
can be interrogated at any time to check the current accumalated dose with- Fig.4.15. Photograph of the Noise LevelAnalyzer Type 4426
out affecting the measuring process. Two models are available. The Noise
Dose Meter Type 4424 shown in Fig.4.13 is in accordanc.e with ISO stan-
ards which require a halving of exposure time for each 3 dB rise in noise le- This removes the necessity for the continued presence of the specialist, the

vel, andType 4425 is to American OHSA standards which require a halving intervention of the employee, and the detailed analysis of each work area or

of exposure time per 6 dB rise in level. The microphone may be used either noise source.
in its normal position mounted directly on the main body of the instrument,
or located remotely from it nearer the wearer’s head if desired, as in The natural next step is to an instrument which can perform on-the-~pot
Fig.4.14. The main body of the meter can then be carried in a convenient statistical analysis, enabling the continuous variation of the noise level dur-
pocket, away from possible damage. A meter of this type need only be set up ing the measurement period to be described by its statistical paramete.rs. The
initially by a qualified person, and checked by him after the working day to en- Noise Level Analyzer Type 4426, shown in Fig.4.15, is a fully portable instru-
sure that the work cycle is acceptable from a hearing damage point of view. ment which can be calibrated and used in much the same way as an or~iinary

sound level meter. But there the similarity ends, as the instrument samples
the sound pressure level at preset intervals of 0,1 to 10 seconds, accepting
up to 216 ( : 65536) samples and allowing up to 180 hours continuous re-
cording at the lowest sampling rate. A dynamic range of 64dB is available
within a total instrument range (depending on the microphone type) from 26
to 140 dB.

Sound pressures from the microphone are A-weighted, and a varieW of
noise parameters, such as LN, which may take any integer value between 1
and 99, Leq, and the probability and cumulative distributions, are calculated
continuously. Leq may be calculated either from the instantaneous samples
values according to I.S.O. standards, or from the peak values within the pre-
ceeding time interval, as required by DIN standards. All parameters may be
read at any time from the digital display on the front of the instrument, sim-
ply by selecting the relevant function switch, without disturbing the measure-
ment and calculation process. The A-weighted noise level or the number of
accumulated samples may be read continuously from this display if desired.
Tape recorded signals or those from other sources can be input, if this is re-
quired for analysis purposes, independently of the built-in A-weighting ne-
twork.

Fig.4.14. Dose meter in use in typical industrial environment
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In addition to the direct-reading digital display, a permanent record of the Microphone
analysis can be obtained either on the Portable Level Recorder Type 2306, 4168
which can be electrically synchronised with the 4426 to plot the statistical Preamplifier

261g
distributions automatically, or on an Alphanumeric Printer Type 2312, which
can be fitted in a weatherproof.case together with the 4426 as shown in the ~
photograph of Fig.4.16. The printer is controlled by the programmable output ;~e ~~
section of the 4426 which allows any combination of parameters to be out-

Tripod Mea~Jring Amplifier Level Recorder
put, at time intervals which may be preset by controls on the 2312. UA 004g 2~0~ 2307

This combination of instruments thus enables noise levels to be continu- Fig.4.17. Simple mains powered noise measuring and recording instrumenta-
ously monitored, and information written out at the required time intervals tion
completely automatically, with no further intervention from the user. See
also the later section on Traffic Noise. urements can be made from secure premises, or if substantial work or analy-

sis is to be carried out in the laboratory, then it may be preferable to use
mains powered instruments. For the analysis of tape-recorded data, or experi-

~ °    ~ mental work in the laboratory, this will nearly always be the case. The ar-
........~ rangement of Fig.4.17 is perhaps the simplest of mains powered systems,

consisting of a 1/2" Condenser Microphone Type 4165 and a Preamplifier
Type 2619, powered directly from a Measuring Amplifier Type 2606, the out-
put being recorded by a Level Recoder Type 2307. The amplifier has linear, A,
B, C and D weighting networks, and the normal meter time constants found
on sound level meters. For measurement of short duration signals and for
mre demanding arrangements the more comprehensive Type 2607 which
contains a wider range of averaging times and peak-hold circuitry, should be
used.

Automatic analysis and recording of frequency spectra in standard octave
and 1/3 octave contiguous bands from 2 Hz to 20 kHz can be easily carried
out by adding’the Bandpass Filter Set Type 1618 (see Fig.4.20) to the previ-
ous analysis arrangement, as in Fig.4.18. Because the filter switching can
be controlled from the level recorder, the spectrum can be automatically re-
corded on pre-printed, calibrated paper. The speed and repeatability which au-
tomatic analysis allows, make it ideal for noise emission tests and quality con-

Microphone Measuring Amplifier
4165 2608

Fig.4.16. Noise Level Analyzer Type 4426 and Alphanumeric Printer Type                           2619            ~ ~ ~ ~

2312 in use for on-site analysis of traffic noise                                                                                          Level Recorder
2307

filter switch control

4.4. LABORATORY MEASUREMENT AND ANALYSIS SYSTEMS Tripod Filter Set
UA 0049 1618

All the instruments described so far have been powered by internal batter-
ies and completely portable, though some of them can also be powered from Fig.4.18. Arrangement for measurement and analysis of noise in fixed octave
the mains supply if required. If extensive periods of time are involved, if meas- or 1/3 octave bands
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~ ~__~_,~ ~. ,,,,..J_-~= p.,,,~.~._L,,,.~ trol in the factory. Fig.4.1 9 shows typical examples of octave and 1/3 octave
spectra of a ventilation unit recorded with this setup. For analysis at higher
frequencies (up to 160 kHz), and for remote operation from other instruments
via the proposed IEC standard interface, the more comprehensive Type 1 617
Band Pass Filter Set is available.

Fig.4.21. Photograph of the Frequency Analyzer Type 2120

Tri~ UA ~ F~ Analyzer ~1 R~ ~7

Fig.4. 19. Octave and 1/3 octave band analyses of ventilation noise using the 21~

set up of Fig.4.18

~ , i i~ i = ~11~= Fig.4.22. Arrangement for continuous constant percentage bandwidth analy-
sis

~nd~, L~. ban6s in ~hi~h both ~he b~nd~i6~h ~n6 ~h~ ~entr~ [re~u~n~ ~re
The previous method measured and analysed the noise in contiguous

fixed. The Frequency Analyzer Type 2120 shown in Fig.4.21 allows a contin-
~̄ ~ - -~-~_ -~ uous analysis to be made by sweeping through the desired frequency range.

~’~ :;~-’~liBIIi!~ W,;- .... ~ ~1._~ :~D ~,-~ Analysis in 23% (approximately 1/3 octave), 10%, 3% or 1% bandwidths is
.... possible with this instrument, and the arrangement shown in Fig.4.22 car-

ries out and records the analysis automatically, the analyser being swept
from the Level Recorder Type 2307. A typical frequency analysis of Sound

Fig. 4.20. Photograph of Band Pass Filter Type 1618 from 20 H z to 2 kH z, is sh own i n Fig. 4.23.
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co

Microphone frequency scan control
4165 - ~ := ~"

Preamplifier ;,~+.e..

.~O ¯ .-+ i
Fig.4.23. Frequency analysis of sound using the instrumentation of Fig.4.22. Trip~ Heterodyne Analyzer L~el Recorder

UA ~9 2010 2307

Although a 1% bandwidth is narrow, a constant bandwidth, rather than a Fig.4.25. Instrument set-up for narrow-band analysis
constant ~rcentage bandwidth, analysis is o~en required. This is particularly
true of noise and vibration problems associated with rotating machines and

in the arrangement in Fig.4.25, so that the analysis can be carried out cam-gearboxes, where the excellent resolution provided by narrow constant-band-
pletely automatically.width analysis is necessaw to identify multiple resonances and harmonics,

which occur at constant frequency inte~als. The Heterodyne Analyzer Type
A feature of the 2010 is the B and T program, which allows analysis with2010, shown in Fig.4.24, permits analysis in bandwidths from 3,16 to

1000 Hz in a total analysis range from 2 Hz to 200 kHz, split into 3 ranges constant B, constant T, and ~nstant BT pr~uct, for constant statistical confi-
2 Hz to 2 kHz; 20 Hz to 20 kHz; and .200 Hz to 200 kHz; within which the in- dence, to be selected. The importance of this is dealt with later in this chap-

ter. A ~pical fr~uency analysis showing the excellent resolution which canstrument is continuously tunable. The frequency sweep may be made manu-
~ obtained with this type of setup is repr~uced in Fig.4.26.ally, or by electrical or mechanical synchronisation with a level recorder, as

~

q~ __ I

__=

::

-" ~+~+ .+.-~..~ Fig.4.26. Recording of the frequency analysis of a small electric motor

Fig. 4.24. Photograph of the Heterodyne Analyzer Type 2010
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4.5. REAL TIME ANALYSIS Typical of instruments capable of fulfilling this role for octave and 1/3 oc-
tave band analysis is the Type 2131 Real-Time Digital Frequency AnalyzerThe equipment described previously performed a frequency analysis by shown in Fig.4.27. Octave and 1/3 octave band analysis can be accom-

passing the data through a filter of the required bandwidth, and recorded the plished with or without an A-weighting network, and the linear or A-output as the analyzer was switched one filter after another, or swept contin- weighted sound levels are displayed alongside the frequency spectrum. By
uously, through the frequency range of interest. Although it may be per- moving a switch-controlled cursor across the spectrum, a band can be
formed automatically, this sequential method requires a total time which is chosen and its frequency and level in decibels is displayed at the top of theequal to the measurement time multiplied by the number of filters used, and screen. Several useful features such as an alternating display for easy com-
is most suitable for the frequency analysis of signals which are steady or vary parison of two spectra, and the ability to average linearly (as required in build-
only slowly with time. For signals which vary rapidly in amplitude or in fre- ing acoustics) or exponentially (with a constant confidence level if desired) by
quency content, a completely different technique must be employed, prefera- present selection are incorporated. The 60dB display range, a wide fre-
bly one which is capable of analyzing all the data all of the time, so that rapid quency range from 1,6 Hz to 20 kHz, and averaging times of 1/32 sacs. to
changes can be detected. This can be accomplished by presenting the signal 128 sacs. render the instrument suitable for most noise and vibration applica-
simultaneously to the inputs of all the filters in the chosen analysis range, tions in the audible and infrasonic range. Normal B & K microphones and
and feeding the outputs to a continuous display device such as a cathode ray preamplifiers may be connected directly to the input section, and the entirescreen, where they are displayed together as a complete spectrum. Modern system can be easily calibrated by normal techniques with either a piston-
instruments do this process digitally at high speed, and the displayed spec- phone or acoustic calibrator. Output may be to an X-Y recorder or level recor-
trum is renewed many times per second. Output can be to a range of analog der, which can be triggered electrically to record the spectrum automatically,
instruments such as X-Y or Level Recorders, or via the IEC interface to digi-
tal data peripherals such as tape punch, printer, or desk-top calculator. The
interfacing of a real-time analyzer to+ a suitably programmed calculator, thus
provides a system for the very rapid automatic processing of acoustic noise I | Derek-top

If ~ ~l~l~ progr~rnebledata.                                                                                             --,,11 I    I I1 1\

""
2308

I

I II I II I Leve~ RecorderI ! ~3o7
Fig.4.2 7. The Type 2131 Real- Time Digital Frequency Analyzer

Fig.4.28. Output options with the 2131
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For some applications, as discussed earlier, greater resolution is required to 10 Hz, up to 0 to 20 kHz. The time history may be captured automatically othan can be obtained from constant percentage bandwidth analysis, necessi-
and displayed directly on the screen. Transformations between the time and Otating analysis in narrow bands. The Type 2031 Narrow Band Spectrum Anal-
frequency domains are made at the press of a button, and any of the 400 dis-yzer of Fig.4.30 is an all-digital instrument with input and output sections en-
crete lines of the spectrum may be selected by the cursor, both the frequencyabling normal BrSel & Kj~er microphones, amplifiers, and recording devices
of the selected ban~l and its level being displayed at the top of the screen.to be connected directly.
Fig.4.31 shows a simple set-up used for analyzing punch press noise which
is particularly impulsive in nature. The output was recorded automatically on
a level recorder and a typical time record and spectrum extracted from the an-

4.6. RECORDERS

Sound level meters and measuring amplifiers used in noise measurement
have instrument meters or digital displays from which steady noise levels can
be read directly. Often, however, data must not only be presented and noted,
but also documented and stored for future reference and comparison. Noise
levels which change with time, such as traffic noise, aircraft flyovers, etc.
cannot be adequately described by a single measurement value, and it is of-
ten advantageous te have a record of the time history. Frequency analysis, us-

0 :10 =2o~ ing for example the Sound Level Meter and Octave Analyzer Type 2215, can
03

1 lo2 Time, ms be recorded semi-automatically and assessed on the spot using the Level Re-
corder Type 2306 as shown in Fig.4.33. Probability histograms can also be           ~O
recorded on site directly from the Statistical Level Analyzer Type 4426.

102

Fig.4.32o Noise from a punch press                                         Fig.4.33. Photograph of the Portable Level Recorder Type 2306
aJ Typical time function
b) Narrow Band spectrum

The Two Channel Level Recorder Type 2309 is available for applications
which require simultaneous recording of two signals, such as vibration andThe measured time history is analyzed using Fast Fourier Transform tech-
the associated noise emission from machines, or sound insulation studies.niques, producing a narrow band spectrum of 400 lines, in 11 ranges from 0
Both these recorders are fully portable, being powered by a plug-in b~ttery
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Fig.4.34. The Two Channel Level Recorder Type 2309                                           Fig.4.36. X--Y Recorder Type 2308

pack, and can be fitted with potentiometers to give either a 50dB or 25 dB
range. Four writing speeds from 16 to 250 mm/s and 8 chart speeds from The X-Y recorder Type 2308 shown in Fig.4.36 is a mains powered DC in-,01 to 30 mm/s can be selected. The Level Recorder Type 2307 shown in strumentfor recording analyses, signal waveforms, and any graphical plot re-
Fig.4.35 is a more comprehensive instrument with a wider range of facilities quiring two fully controllable axes. The sensitivity of each input can be ad-
intended primarily for laborator~ Use. Writing speeds from 4 to 2000 mm/s, justed continuously and independently so that the plot size can be arranged
chart speeds from ,0003 to 100 mm/s and range potentiometers from 10 to to completely fill the paper. The writing table, which has an electrostatic
75 dB can be selected. The wide range of chart speeds allows recording of hold, takes A4 paper.
both sound levels for long term monitoring purposes, and expanded plots of

03actual signal waveforms. A polar plotter is built in and B & K filter sets and Many applications, especially those concerned with noise monitoring, re-
analyzers, including the real-time instruments, can be controlled either me- quire specific information to be recorded at regular intervals, so tha~ varia- 14")
chanically or electrically, so that the signal can be analyzed and plotted cam- tions over a long period of time can be studied without the continued pres-pletely automatically on pre-printed, calibrated paper suitable for immediate ence of the observer. The Statistical Analyzer T~e 4426 can be programmed
documentation.

Fig.4.35. The Level Recorder Type 2307

Fig.4.37. The Alphanumeric Printer Type 2312
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to output a wide variety of parameters such as Leq, L~o, etc. as well as a Fig.4.38 is preferable. The characteristics of the signal to be recorded and
~o

complete statistical analysis. The Alphanumeric Printer Type 2312 shown in the type of analysis should be considered carefully before a particular record- ~
Fig.4.37 accepts this data and prints it out on heat sensitive paper, at inter- ing technique is-chosen.
vals which can be set on the instrument. The clock which controls the inter-
val can be pre-set to record the day and actual time of the print-outs. The Im- ~ ~,
pulse Precision Sound Level Meter Type 2210 may also be connected to the .
printer to record data automatically, for example from community noise sur-
veys. Many modern real time analyzers incorporate a visual display which not
only displays the analysis, but also presents important parameters, allows the
operator to interrogate the stored data to obtain levels in particular bands,
and enables manipulation of the incoming data. This latter facility is particu-
larly useful when dealing with transient and impulsive signals.

4.7. SIGNAL STORAGE TECHNIQUES

It is often more convenient and sometimes absolutely necessary to record
and store the noise data, so that it can be reproduced later for laboratory ana-
lysis. There are many reasons for doing this, the chief among them being:

(1) minimization of the time spent on site and the equipment employed
there,                                                                                                                                                                                                            ~’-

(2) analysis of the same data by a number of different techniques which                                                                                            03
could not necessarily be carried out in the field, Fig.4.38. The Tape Recorder Type 7003 Le)

(3) the non-repeatability of certain types of noise event.

Unrepeatable events like sonic booms and explosions are of short duration B & K instrumentation tape recorders are supplied with indicators to warn .

and uncertain o.ccurence, and once missed may prove difficult, expensive, or the operator when the input stage is overloaded. This is especially important
i~even impossible to reproduce, when recording shocks or impulsive noise, which may reach very high short

term peak levels, greatly in excess of the long term RMS value. High crest
The magnetic tape recorder is the most universally used instrument for factor signals such as this should be checked with a meter possessing a peak

bulk data capture and storage. To be suitable for noise measurement work it hold circuit to alleviate this problem as far as possible. Whenever information
should be rugged, reliable, and portable, which means that it should be light is recorded, the recording must contain a reference level so that the analysis
and convenient to carry, battery operated, and easy to operate in the field. It equipment can be set up correctly at a later time. This may be done using a
must have a wide dynamic range, low wow and flutter, and a flat response sound level calibrator or pistonphone. It is important that once completed the
over the frequency range of interest. This range is usually from 20Hz to gain controls of all the instrumentation are left in their original positions. If it
15 kHz for acoustic noise measurement, but may extend to much lower fre- is necessary to make adjustments after setting up in this way, information to
quencies for measurements of vibration or shocks, including sonic booms, this effect should be clearly recorded onto the tape. The recorder is fitted
For measurements confined to the normal acoustic range, a direct recording with a Small microphone/loudspeaker, which overrides the first track and can
instrument such as the B & K Type 7004, with a frequency range from 20 Hz be used for this purpose. It also enables recordings on any track to be played
to 50 kHz, is probably the most efficient way of storing typical signals for sub- back directly after recording, in order to check that measurements have been
sequent spectral or statistical analysis. If the type of data to be recorded has correctly recorded and calibrated while still in the field, although on the spot
important components down to very low frequencies, approaching DC, or if measurements should always be made in order to have directly obtained val-
analysis is to be performed between signals from different transducers, for ex- ues to compare with later analyses.
ample correlation analysis, where the phase relationship of the signal is im- "
portant, then the frequency modulated tape recorder Type 7003 shown in By recording at one speed and playing back the signal at another it is possi-
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ble to shift the frequency range of the recordings. Low frequency recordings, ’ ~ ~ ~’ ~
say from vibration measurements, can be shifted into the frequency range of
normal audio frequency analysis equipment, or short duration sounds may be .......
slowed down considerably to be better able to study their actual waveform.
To facilitate analysis of samples of the recording, a tape loop cassette is avail ..................
able. A system is shown in Fig.4.39 which can be used for the simultaneous
recording of the noise from road traffic, and the vibration induced by it both "
in the roadway and in the elements of adjacent buildings. This system per- ,.
mits recording from virtually DC to 14 kHz at a tape speed of 15 in/s and al .....-
lows correlation and cross spectrum analysis to be carried out on recorded
signals.

¯ Fig.4.40. The Digital Event Recorder Type 7502

duced at a rate which can be set to give a wide range of frequency transfor-
mations. Ratios of 5000/1 and 1/200000 are made possible by suitabte
adjustment of both the input and output sample rates. In addition, the trigger
point can be preset to occur at any time during the sweep period so that a

~~ M)~ ~,~’t r~Microphone Carrier System chosen amount of data before the trigger point can be viewed. After capture

~~
~31 the signal may be output for permanent storage to a paper tape punch, tape

~. ~ , TaPe7~3order
recorder, level recorder, or X-Y recorder to obtain permanent documenta-
tion. An arrangement suitable for the recording and narrow band analysis of

...... ~ the short duration acoustic signal is shown in Fig.4.41. It consists of a 1/2"’ 03~ "’1 I !~ Microphone Type 4147 with an FM Microphone carrier system capable of re-
cording frequencies from 0,01 Hz up to 18kHz, and passes the dat:, to a
7502. The captured impulse shown in Fig.4.42 is then input to the l-;etero- 03

Charge Amplifier dyne Analyzer Type 2010 and the resulting analysis recorded on the level re~2~35 corder.

-’J                                                    Micrt:~phtme 4147
+ UA 0271

Tripod UA 0049 ,+ ~" ~

Fig.4.39. Simultaneous recording of noise and vibration from road traffic
~

~ ~ ~_~_). ~

Short duration and transient signals may also be recorded on the Type IJ~:;-~+~,~ ;.:~iil / ~

strument which continually updates the input time history in a recirculating "~ m i~ i m ~.
memory. In this way the stored information is always the signal which oc- Microphone Digital Event Re~rder Heterodyne Analyzer 2010 Level Recorder 2307

Carrier System 7502curred in the sweep period up to the present time. The process continues un- 2631til the instrument is triggered, either by the input itself exceeding a certain
preset value, or by an external signal. The stored signal may then be repro-

Fig.4.41. Set-up for recording and analysis of short duration acoustic signals
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Equalization adjustment
silver wire

Spr~ng arrangement

. Capillary "tube for pre~=~re
equalization

protection grid

Quartz insulator
Output terminal

Fig.4.42. Recording of acoustic impulse gold
170664

Fig.4.43. Sectional view of a condenser microphone cartridge

The frequency response of a microphone suitable for accurate acoustic
4,8. MICROPHONE SELECTION noise measurements should be linear over the frequency range of interest.

Usually this means the audible range of the human ear, i.e. from about 03
The physical characteristics of noise can be described by many different par- 20 Hz to 15 kHz, but for special applications it may be extended below or

ameters but the most practical quantity to measure, especially under field above this range. Measurements of shocks, impulses or sonic booms, which
conditions, is the sound pressure. For this reason microphones have been contain important data down to very low frequencies, may be made using an 03
developed to a high stage of refinement. The microphone chosen for a particu- FM Microphone Carrier System Type 2631 shown in Fig.4.44 and a special
lar noise measurement will in general have to fulfil two rather different microphone such as the Types 4146 and 4147, to enable the frequency re-
groups of conditions. Firstly it must operate satisfactorily over a range of en- sponse to be extended down to some 0,01 Hz. Very high frequency and/or
vironmental conditions such as humidity, temperature, air pollution and high sound level measurements can only be carried out with relatively small
wind, and secondly, it must also meet the technical constraints, e.g. fre-
quency response, dynamic range, directivity, and stability, necessary for accu-
rate and repeatable measurements.

The condenser microphone is best able to meet all these conditions and
has therefore become the most widely used type. It operates on the well-
known principle that the capacitance of two electrically charged plates alters
with their separation distance. One Qf these plates is an extremely light diaph-
ragm, which moves in response to acoustic pressure variations, and the re-
sulting change of capacitance is detected by the meter circuitry. Fig.4.43
shows a view of a typical condenser microphone with the most important
components labelled. Because of practical design considerations, the size of
the microphone is usually increased in order to achieve higher sensitivity. Un-
fortunately, this conflicts with the requirements for wide frequency range and
omnidirectivity, both of which are better if the diaphragm is small compared
with the wavelength of sound being measured. Fig.4.44. The FM Microphone Carrier System Type 2631
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pressure levels. Nose cones perform a similar function for the 1/2 inch and tl~ough these effects can be minimised by careful design of the meter shape.
1/4 inch free-field microphones. Typical frequency response curves for the Fig.4.51 shows typical directionat characteristics of a Type 2218 Precision In-
microphones in the BrLiel & Kjaer range are reproduced in Figs.4.49 and tegrating Sound Level Meter, show!ng how the response becomes more direc-
4.50. tional with increasing frequency.

The microphone, once selected, must be connected to the rest of the sys- Inevitably, many outdoor measurements have to be taken in other than per-
tem via a preamplifier which presents the microphone with the correct imped- fect conditions, very often in the presence of wind. In a moving airstream any
ance, at the same time supplying its polarisation voltage from the preampli- microphone produces turbulence, which causes the diaphragm to deflect, and
tier socket of a measuring amplifier or analyser, or from a special external therefore to generate a spurious signal which is superimposed on the acous-
power supply. This is 200 volts except for the Types 4125 and 4148 which tic signal to be measured, giving rise to serious errors. Fig.4.52 shows the
have a polarising voltage of 28 volts. The Preamplifier has a low output im- magnitude of the wind noise effects for different microphone orientations,
pedance to enable the cable connecting it to the measuring instrumentation with and without windshield, as a function of wind speed. The reduction of
to be of a considerable length, preamplifier Type 2619 is recommended for wind-induced noise=which can be achieved by the use of a suitable wind-
the 1 inch and 1/2 inch microphones,, and Type 261 8 for 1/4 and 1/8 inch shield is quite marked at low windspeeds, below 40 km/hr,, but rather less at
types. The Type 2619 may be used with 1/2 inch Type 4148 if powered higher velocities. In these cdnditions accurate measurements cannot be
from the Microphone Power Supply Type 2804. The 1/2 inch Type 4125, in- made in any case, and should not be attempted. The spectrum level of wind
tended for low cost applications, is used with Preamplifier Type 2642 and noise increases ’with decreasing frequency, so A-weighted measurements are
Microphone Power Supply Type 2810. less likely than others to be affected by this problem, as the wind noise tends

When a microphone is mounted on a Sound Leve! Meter, the base itself ob-
structs sound from certai~ directions and therefore makes the instrument’s re-’ ¯

sponse more directional than that of a remotely mounted microphone, al- 120. .
3SL

~~

........

’ ~~/x
~ " A ~a~ard pro~ction grid

~~d parallel to ~mphragm.
_ . ........ 90 B ~ ~ ~ B : As A b~ with wind at r~ght angle to

- ~ di~hragm.

~~ wi~ w~n~screen D : ~ A ~th ~nds~en

;0 ,’0 ,; ; 1;0 1;0
Fig.4.51. Directional characteristics of complete sound level meter in a free            Fig.4.52. Wind-induced noise as a function of wind speed: measured by a 1""

field                                                                              microphone with and’without a windscreen
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~ For Special conditions where the airflow is of high speed and in a well-de- ~o
1:2 fined direction, the nose cones shown in Fig.4.53 provide far less resistance ~T

to the flow, thus.~educing the turbulence and wind-induced noise. For meas- O
16

~
~

urements in ducts, a turbulence screen, which gives good rejection of the

O O

flow noise while passing the acoustic signal to the microphone, should be fit-
ted. A probe microphone kit for use with 1/2" microphones is also available.

~
For permanent outdoor installations in noise monitoring equipment,a com-

plete outdoor microphone system such as the Type 4921 shown in Fig.4.54UA 0381 UA 0207 UA 0459 UA 0387 UA 0386 UA 0385 UA 0355
should be seriously considered. This is supplied with a special quartz-coated

-,=~’: ...................................~.~. ........ - half-inch condenser microphone Type 4149, protected by a windscreen with
UA 0436    1:1o anti-bird spikes, and from rain penetration by rain cover UA 0393. This rain

cover also contains a built-in electrostatic actuator which can be used to cali-
Fig.4.53. Microphone accessories                                brate the microphone remotely. The assembly is mounted on a weatherproof

case, which contains an amplifier, calibration oscillator, a dehumidifier for
to be weighted out. For short term measurements using hand held portable the air equalization system of the microphone, and a power supply.
sound level meters, a light foam windscreen, such as the Type UA 0207,
shown in Fig.4.53 can be used. For permanent outdoor installations, a wire-
framed cloth-covered windscreen UA 0381, as in the same figure, which can 4.9. FREQUENCY ANALYSIS TECHNIQUES AND THE SELECTION OF
be fitted with spikes to prevent da.mage and interference by birds, is more sui- ANALYZER
table.

"\, , Effective Noise
, = Bandwidth B 1

Ripple

Ideal , "l l
~

Practical O

Int

Linear Frequency Scale
770137

Fig.4.54. The Outdoor Microphone Unit Type 4921 Fig.4.55. Practical vs. ideal filter characteristics
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Very often in noise measurement we are interested in the amplitude of the that shown in Fig.4.55, which has cutoff rates closely defined by the rele- ~o
signal at a particular frequency or in a range of frequencies, rather than just vant international standards.
the overall linear or A-weighted sound level. The contributions to the overall ro
signal made by the individual frequency band can be obtained by filtering it in Two main types of frequency analysis are used in the analysis of noise sig-
bands, whose width depends largely on the ultimate use of the analysis re- nals; constant percentage bandwidth, and constant bandwidth. The effect
suits. The standardized weighting curves A, B, C and D, are of course, band- which each method has on the width of the passband at different frequencies
pass filters with a relatively wide bandwidth, whose cutoff rates at both ends t is clearly shown in the diagrams of Fig.4.56. In the first analysis method the
of the spectrum are specifically designed to represent the response of the hu- filter bandwidth is a constant percentage of the centre frequency of the pass
man ear. Normally, analysis is done in very much narrower bands, which band, whatever its absolute value, and therefore increases as the frequency
should ideally pass everything within the passband concerned, and filter out increases. In the second method, the filters have a constant bandwidth, say
all components of the origignal signal which lie outside it. In practice, how- 100 Hz, completely independent of the centre frequency to which the filter is
ever, the filter cannot have such a steep cut-off, and the usual filter shape is tuned. This technique permits very detailed analysis of the spectrum, which

is especially required, for example, when analyzing noise emission prior to
redesigning for noise reduction. Sources with many distinct harmonics, such

Linear Frequ~n=y S~.ale as gear trains, those which emit pure tones, such as jet engines and electric

Con=tant Percentage ~ ~Con~ant Bandwidth
motors, and the dynamic response of structures containing lightly-damped

Bandwidth modes of vibration, can all be best analyzed by narrow band methods. On the
other hand, acoustic noise measurements for purposes of estimating loud-
ness, annoyance, and subjective response, generally do not require such de-
tailed knowledge of the spectrum of the noise source. This is because the ear
responds in a way similar to a constant percentage band analyzer with a 1/3
octave bandwidth, and loudness determination procedures have been largely
based on this fact, see chapter 3.                                                 03

Constant percentage bandwidth analysis is also normally used in proce- 14")
’. ~ ,’ =     = ’. dures for the estimation of the subjective response of humans to environmen-

0,1 1 2 3 4 5 6 7 8 9 10 Relative tal noise. Aircraft noise is generally analyzed into 1/3 octave bands, from
I’~ Highest de~=ade ~J Frequenc~-~ ~" Next highest decade

0,01 0,1 1 10 Relative _~. tl i i" ~! !
~-- Third highe~t de~de ~ Next highe~t decade ~ Highest decade ~ Frequenc~

:~,
i i : ::

Fig.4.56. Difference between constant bandwidth and constant percentage
bandwidth analysis Fig.4.57. I/3 octave spectrum of an overflying aircraft
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PortableInstrument Type Portable Filter Sets      &nalyzer Laboratory Filter Sets Laboratory Analyzers

1613 1616 1621~1623 2215 161711618I 2020 2010 1212012121 ~2031 12131
3%Constant Oct. 1/3Oct. 23% 1:2% oct. Oct. oct. 1; 3; lO 1; 3; 10 Oct.

Percentage 23% 1/3 oct, 1/3 oct. - - 23% 23% - /3 oct

Analysis
Type 0,25% o|

Constant 3.16; lO 3,16; lO

Bandwidth ....... 316; 100 31.6; lOO selected
Hz 316; 1000 -- -- frequenc~ --

Hz range

Centre Frequency 31,5 Hz 20 Hz 0,2 Hz 2 Hz 31,5 Hz 2 Hz 2 Hz 10 Hz 2 Hz 2 Hz 20 Hz 0 1,6 Hz
Range to to to to to to to to to to to to to

31.SkHz 40kHz 20kHz 20kHz 16kHz 160kHz 20kHz 20kHz 200kHz 20kHz 20kHz 20kHz 20kHz

Sweep Contiguous Log Log -- -- Log Log Log .... Lin Log
Type Continuous - - Log Lin Log -- -- -- Log Lin Log Log Log -- --

Man Man -- Man Man Man Auto AutoSweep Internal Man Man Man Man Man Auto
Control External _ -- Volt Freq. -- Pulse    Pulse Fre~.A Volt-Mech Mech Mech _ --

Int.    --    vi    V/ V/    V/ ........
Battery

Ext. - _ V/ V/ ..... V/ _ _ _

AC Mains ..... V V/ V/ V/ V/ V/ V/ V/

A V,a Sine Generator Type 1023 or 1027

770569/IFig. 4.59. BrSel & Kjaer frequency analysis instrumentation
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the RMS value obtained will only approach the true RMS value if this period
10oo --~ "~iiii~:."ziiii~I’ Minimum LLF__J 2~ 10

O
T is infinitely long. This, of course, can never be the case, so we always have Writing 800-Umtable~!~=~ "~’~I~ for =table operetion~ ~! ~0 Iriting ~"

i=~!,. =~,~" , _200~Hz -----J1’ ~0 ~osed (-~to accept an error in our measured values. However, by selecting a large spe~
enough value for T, the magnitude of these error fluctuations can be re- mm/~ 400 Recorder Opt_ration-- -- --=~.:’~i ~ - 50 Hz ~ ~ ,m/~c

duced. The second factor which affects the error superimposed on the true
50 mm ~) mmRMS value, is the passband width, and it can be shown that the relationship writing 16o ~=. - 20 Hz -- 5 Yiting

between the error, the bandwidth, B, and the length of the analysis record, Width 100

"E=ii’~’i

_ ~ __ ~ ~idth
T, is

63 10 Hz

16

This is an extremely important result which has far-reaching effects in sig-                     s
nal analysis. Its implications should always be borne in mind whenever fre-                     ~

ii~ (3)quency analysis is carried out. To obtain results of a certain accuracy, it is ne- ....
cessary to increase the time over which the data is averaged as the band-                        ~ (1)
width of the analysis is decreased. A very narrow bandwidth analysis may

~ ~ i i ~=~ ~ i i i i ii I I I I I ill ~ I I i iiii
have to be averaged over a very long time period to obtain sufficient accu- o,oo~ o,o~ 0.~ to ~o,o
racy. Before embarking on a length.y analysis, it is therefore wise to deter- Effective Averaging Time (=econds)
mine the frequency resolution and accuracy which is required for a particular ~o~
application, and arrange the averaging time to achieve this value. Narrow
band sequential analyzers such as the Heterodyne Analyzer Type 201 0 can Fig.4.60. Averaging times of level recorders with tolerance limits
be used to carry out an analysis with constant confidence by varying band-
width and/or averaging time.

These basic requirements for accuracy apply equally to the new generation                 I,~ound Pre=ure Level dB(A)~Wrltmg ~oeed~

10~--- ....of real-time digital analyzers described in detail in an earlier section which, el- ~_1~=~
though working on entirely different principles of analysis, are still con- ~ i --~strained by the same basic rules governing the averaging of data. In these in-
struments, data is analyzed in all the fixed bands at the same time, so the en-
tire process takes only the time necessary to pass through one band. This
may be made fast enough for all the available data to be analyzed in the time
taken to produce it, thus analyzing in real-time.

The Type 21 31 Digital Frequency Analyzer has the facilities for both linear
averaging which gives equal weight to all points in the time history (averag-
ing times from 1/32 to 120 secs), and exponential averaging, which gives ~~ ........... -~.~ ~
more weight to recent samples than to previous ones. Exponential averaging
may be carried out with constant statistical accuracy, the analysis in each
band proceeding for the time necessary to reach a preset statistical accuracy.

Fig.4.61. Aircraft flyover noise recorded at 4 different writing speeds but
Averaging times are also important in the recording of information on level with other parameters unchanged

recorders, which are widely used to record both measured noise levels and
the result of frequency or statistical analyses. The averaging time with such range, and should be determined by reference to Fig.4.60 curve (1). If the le-
instruments depends primarily on the writing speed and the potentiometer vel recorder information is to be used to determine the level of a noise and
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compare it with sound level measurements, then the chosen averaging time                                                                                                ~o
should correspond to either the "fast" or "slow" mode, whichever is used, of
the sound level meter. Four time histories of the same noise using different
writing speeds, but keeping all other parameters concerned with the level re-
corder constant, are shown in Fig.4.61, This clearly demonstrates the effect
of different writing speeds on the smoothing of the recorded signal.

4.10 CALIBRATION

Microphones are individually calibrated at the factory, and the calibration
chart, such as the one produced in Fig.4.62, delivered with the instrument.
For laboratory purposes, techniques such as reciprocity calibration, for which
a special apparatus is available (Type 4143), are usually used to determine a
microphone’s sensitivity over its entire frequency range. This sensitivity
should be checked at regular intervals to ensure that the microphone remains
within its specifications. For the purpose of obtaining calibrated measure-
ments in the field, however, such complicated methods capable of obtaining Fig.4.63. a)Pistonphone Type 4220
the highest accuracy, are neither justified nor practical. Rather simpler tech- b) Sound Level Calibrator Type 4230

niques, which apply a known sound pressure level at fixed frequency to the
microphone are usually sufficient to ensure that a properly calibrated tape re-
cording or sound level meter measurement is made. ent sizes and types of microphones can be calibrated at the same level with ~’-

the same instrument because the coupler Volume, and therefore the calibra-
tion pressure within it, can be kept constant. To obtain the best results the

*-’~=--- ’~°=" microphone should be well sealed in the coupler opening. A change in ~tmos-
......... ~ .......... ~ ~ pheric pressure alters the calibration level slightly, but a correction can be
-~,-....-.,,,,-.- ~-~-~-~-_~.~_-~+~- made using the barometer which is provided as a part of the instrument set.

-~ ~,’-7~"~. _._,,,,_. ~ ~ The second calibrator is a smaller pocket unit, see Fig.4.63(b), which oper-
~ ~’-T’_ ~J" .-=-.~,-~..~--"--’’~"-’=’~-’ ~ ~ ates at 1000 Hz, making the calibration independent of weighting networks,
~,-__-~.._..=~_ __ ¯ -- ~=~ ~ ’,.,-31~- which all have zero attenuation at this frequency. Calibration level is 94 dB

~-~’~-.~:~,-’~’- ~ ~ re 20/JPa, with an accuracy of + 0,25dB. A stabilised oscillator feeds a pie-
((!(( -’" ~’’----=" .............. O~- (** ----=--=-=-.~- ...... ~:i’,1~Y- ~,%% zoelectric driver element which vibrates a metallic diaphragm to create the

"~’-;’-’~-"~--~--’~:’<’-~ .~’.---~.--~------ ’ ~’"+~ ., ...... sound pressure in the cavity.

Fig.4.62. Microphone Calibration Chart The use of a calibrator is recommended for checking the accuracy of hand-
held indicating instruments, and must be used when tape recording data so

Two small battery driven portable calibrators working on slightly different that a known sound level of fixed frequency is available as a reference from
principles are available to accomplish this conveniently under field condi- which to calibrate any instruments which may be used in subsequent analy-
tions. The Pistonphone Type 4220 of Fig.4.63(a) is an accurate, reliable, and sis. Accurate calibration of equipment used in the field has many advantages.
simple device, which employs a pair of independent pistons driven by a bat- It provides for the consistency in measurements, allows more accurate com-
tery powered electric motor to produce a highly stable and distortion free sinu- parison of measurements made over long time intervals, brings to light any
soidal sound pressure variation in the instrument’s coupler cavity. It operates slight changes in the accuracy of instrumentation, and allows a re-analysis of
at 250 Hz and produces a sound level of 124 dB (re. 20 pPa) accurate to -+ data, if this is required at a later date. This care in the use of calibration for
0,2 dB. The sound pressure produced is proportional to the ratio of the vo- field measurements should be backed up by regular laboratory calibration us-
lume swept by the pistons to the volume of the entire coupler cavity. Differ- ing one of the more accurate techniques, in order to check the frequendy re-

sponse as well as the amplitude response of the equipment.
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Fig. 4.64. Calibration of sound level meter o 1    2    3 4    5    6    7    8    9 I0

LS + N -- LN dB

4.11 BACKGROUND NOISE Fig.4.65. Background Noise correction curve

The measurement of noise is often made difficult by the presence of a back- the graph can be used to obtain the correction, and a reasonable estimate for
ground noise level high enough to contribute to the level measured. Ideally, the level of the required sound source alone can be made.
any noise measurement should only result from sound emitted from the
source of interest, and not from any extraneous sources. If the offending ex- When measurements are in 1/3 octave bands then the levels shoutd pref-
traneous noise is intermittent, it may be possible to carry out the measure- erably be at least 10dB below the source noise in every band of interest. In
ments in the quiet intervals. The source may be moved to a relatively quiet really critical conditions however, it may be possible to extract useful informa-
area, or other significant contributors to the overall noise switched off temper- tion in important bandwidths, even if some of the other bands are dominated
arily while measurements are made. Sometimes, however, the measure- by the background noise. This is especially true if the overall noise levels are
ments will have to proceed despite adverse conditions, comparable, but the spectra of the source of interest and the background

noise are vastly different.
The effect which the background noise has on the noise level actually mea-

sured can be conveniently presented as a graph which is reproduced in
Fig.4.65. This relates the correction to be subtracted from the total noise le- 4.12. THE EFFECT OF REFLECTIONS FROM OBSERVER AND INSTRU-
vel measured, i.e. in the presence of the background noise, to the difference MENT
between the total and background noise levels. Before measurements are
made, the background noise alone should therefore be checked and com- The presence of any object in the sound field has some effect on the sound
pared with the noise level with the noise source of interest operating. If this pressure actually measured at the microphone. Reflections froin the object ale
difference is greater than 10dB, then the background noise can be consid- ter the local field, and the type and amount of disturbance is therefore very
ered to have negligible effect on the measurements of the noise source. If dependent on the size, shape, proximity, and sound reflecting properties of
the level difference is found to be less than 3 dB, then the noise from the the object, and on the angle of the incident sound wave. If the sound field is
source is less than the background noise and the corrected level should only diffuse and is to be measured over a wide band, say as an A-weighted sound
be regarded as an approximate measurement. If this is found to be level, then these errors are not usually serious and the overall measurement
the case, arrangements should be made to repeat the measurements in a accuracy is usually determined by the accuracy of the instrumentation itself.
quieter environment. If, however, the difference lies between 3 and 10dB, However, if measurements are to be made close to a source or in narrow
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bands, it is possible for considerable measurement error to occur. For very section is to point out the many factors which are pertinent to the measure-
precise measurements such as those carried out in anechoic chambers only ment of noise, and help show the way to the most effective use of equipment
the bare minimum of equipment, such as the noise source and microphone, for its measurement and analysis. The following points should be taken into
should actually be present in the room. The microphone signal should be account before venturing out into the field:
brought out by cable to the bulk of the apparatus, which should be housed
outside the chamber.

1. Why are the measurements being made? Is it just a simple level that is
For many noise measurements, however, it is more convenient for the oh- really required?Is a narrow band analysis necessary to reach conclusions

server to carry the sound level meter around with him and to read measure- about possible noise control methods? Will a sophisticated analysis have
ments directly from the indicating meter. Both the reflections from the meter to be carried out later in the laboratory in any case?
body and those from the observer himself affect the measurement accuracy
in this case. The effect of the meter body alone is negligible below 1000 Hz 2. Do the measurements and the instruments have to meet certain stand-
but the presence of the observer, especially if standing directly behind the me- ards, such as ISO, ANSI, DIN etc. with regard to instrumentation quality,
ter, can cause significant errors in the range 300 to lOOOHz. This position, measuring techniques, layout of measuring site etc.?
i.e. placing the sound level meter between the observer and the field to be
measured, can be viewed as a worst case. Improvements in accuracy can be 3. What type of noise is to be measured? Is it impulsive? Is it statistically
made if the observer stands away from and to one side of the meter or by era- varying? Does it contain significant pure tones? Will the frequency be re-
ploying an extension cable so that the microphone can be remotely mounted quired?
on a tripod, as in Fig.4.66. This is certainly advisable in critical situations
and where direct analyses are being .made which employ large items of instru- 4. With the above three points in mind, choose the most suitable instrumen-
mentation which would otherwise be near the microphone position, tation to make the noise measurements required and to be able to pro-

duce the necessary results. This should take into account the frequency
range of the measurements, the possible statistical analysis of those
measurements, and whether special instrumentation is required, for ex-
ample for sonic booms, shocks, or impulsive noise.

5. Having chosen the instrumentation, check and calibrate the entire ar-4165
rangement.

6. Make a sketch of the instrumentation used and a note of the reference
numbers of all the instruments.

Precision Sound
Leve| Meter 7. Sketch the measurement situation, the position of the source, the micro-

> 1,6 m 220~ phone, and any reflecting or significant surfaces.
I I

8. Note the meteorological conditions, including wind direction and
strength, temperature, humidity.

Fig.4.66. Minimising the undesirable effects of reflection when making noise                 9. Check the background noise level, either overall or in the same bands
measurements                                                                    which will be required in the subsequent analysis.

10. Measure the noise, noting down the relevant equipment settings, such
4.13 MEASUREMENT PROCEDURE as dB(A), fast etc.

The goal of noise measurement is to make valid, accurate, and thorough 11. Keep a log, including any changes made to equipment settings and. any
measurements which clearly represent the acoustic situation. The aim of this unusual occurrences.
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WOHRLE, K.: Die Messung yon Impulsgeri~uschen. L~rmbek~imp- sound level measurement to a detailed statistical or frequency analysis of the

lung. Bd. 13. Heft 5. Oktober 1969. signal and may even involve further computation of the measured data to exp-
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Level Meter Held in Hand? Sound. Vol. 1. Jan.-Feb. course on what the noise problem is and the ultimate use of the data that
1962. are to be obtained. Because there are a great number of different noise

sources and various types of noise "environments" to which we are daily ex-
posed, the selection of the appropriate measurement method to help over-
come the noise problem should be given some careful consideration. To sim-
plify the situation, however, it may be useful to distinguish between measure-
ments on noise sources individually and measurements in noisy environ-
ments where the noise may be contributed by several noise sources
simultaneously. There are obviously many cases where a clear distinction is
difficult to make which will become evident from later sections. In Ch:,pter 5
noise measurements are described which can generally be classified as meas-
urements on individual noise sources (and audiometry) while Chapter 6 de-
scribes environmental and community noise measurements.

5.1. SOUND POWER DETERMINATION

5.1.1. General

Sound pressure level in decibels is a useful parameter to describe sound
waves quantitatively. However, for describing the noise emission characteris-
tics of a machine, it is not a satisfactory quantity in itself as it is dependent
on the distance between the source and the observer as well as on the envir-
onment in which the measurements are made (sound wave reflections). On
the other hand, the sound power levels emitted by machines and equipment
and determined according to International Standards ISO 3740-3746 are ess-
entially independent of the environment in which the data are obtained. The
sound power level data are therefore to be preferred as they can also be used
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ISO ISO ISO ISO ISO ISO COi) to calculate the approximate sound level at a given distance from ama- 3741 37423743374437453746
chine operating in a specified environment (see Appendix D)

~=. of =o~r~ La~ =our=, - .or ~=~e I

ii) to compare the noise radiated by machines of the same type and size as st,=~v -- bro~d band

well as different types and sizes Ch.~t.~ of nol~ Ste=dy - nlrrow I:~nd - dilcrlte frequency

Non-steely
iii) to determine whether the machine complies with an’upper limit of noise .... P;=~=ioo I I II

specification ~,=if~=tlo, o~ mat~o~ E,=in~rir~ | |
Survey
Noite control work

I Iiv) in planning to determine the amount of transmission loss or noise con-
trol ~dlc~don of d~t~

Type te$ttng

Comperl!=on : Mlchir;~ different type~

v) in engineering work to assist in developing quiet machinery and equip-
oct~ bandment.
1/3 cctave b~nd lever

i
Information obtld~d A-wei~.hte~ lit, ell

To describe completely the strength of a noise source two quantities are re- Oth.r
quired, the sound power level and the directivity. The sound power level Directivity Inform~tion
gives the total sound power radiated by the source in all directions and is usu- Ternpo~’ai pattern
ally measured in 1/3 octaves, 1/1 octaves or as A weighted. Directivity is a Labor~to~yr~r~rlt|on’room=

~ ~measure of the difference in radiation with direction around the source and is s~i,~ reverberation te=t room
also measured for each frequency band. It can thus be seen that for a corn- T.t en~i~onment Large room=, ootdoor~

plete description, considerable data is required for a source with pronounced Lal:mrltory lne~ho|: room= ~
directivity such as a jet engine. Some noise sources are, however, nondirec- =, ,itu, ~oo~, out~oo. |
tive i.e. they radiate nearly uniformly in all directions and are generally small m Inform~tion in accordance with Interr~tionll St=nd~rd$ ISO ISO ISO ISO ISO ISO
in size compared to the wavelength of the sound they radiate. ~ option=l Information 37413742 374337443745 3746~

AS described in Chapter 2, section 2.1 1, the character of the radiation field Fig.5. 1.1. Factors influencing the choice of the method
of a typical noise source varies with distance from the source, In the vicinity
of the source, i.e. in the near field the particle velocity is not necessarily in ~.=
the direction of travel of the wave and the acoustic intensity is not simply re- The International Standards Organisation (ISO) has published six standards
lated to the mean-square sound pressure. Further away from the source, i.e. 3741-3746 outlining different methods of sound power determination. The
in the free field (see Fig.2.1 5) the sound pressure reduces by 6 dB per dou- first three standards deal with measurements in a diffuse field while the last
bling of distance and the particle velocity is primarily in the direction of propa- three are for free field environment as can be seen from Fig.5.1.1. To decide
gation of the sound wave. Since the sound intensity is related to mean- which of the standards is the most suitable for a specific application, ISO
square sound pressure for free field propagation (see Chapter 2, sec. 2,2) it 3740 standard should be consulted which gives guidelines for the use of the

basic standards. The selection of the appropriate standard depends on theis possible to determine the sound power in this region,
i size and character of the source, the application of the data, what type of en-

In the reverberant part of the field the sound pressure varies with position vironment is available and what accuracy is desired, see Figs.5.1.2 and
because the reflected waves are superimposed on the direct sound waves. 5.1.3. In the development of quieter machines for noise control work sound
However, when averaged over many positions, the sound pressure is essen- source levels in octave or 1/3 octave bands are usually required, Precision
tially independent of distance from the source. When a great many reflected grade accuracy is preferable though engineering accuracy is frequently satis-
wave trains cross from all possible directions, the sound-energy density is factory. For production noise testing of equipment, overall weighted sound
nearly uniform and the field is said to be diffuse. Since the sound-energy den- power level is usually sufficient, though the value of the data is increased if
sity is directly related to mean-square sound pressure (Chapter 2, sec. 2,2) the power level distribution in frequency bands is also known. At least
and the acoustic power of the source, it is again possible to use such a field engineering grade of accuracy is desired. For comparison of machines which
for sound power measurements, are different in type or size, the power spectrum is required for any compar-
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O

I,,=~o,= o~ 5.1.2. Measurement Procedures co
bimdl (Hz) 125 250 500 1000 to 4 000 8000 A O

~-.~ mzl lOO to leo ~OOto 316 ~oo~o ~o eOOto 6 ooo 6 ~oo~°,oooo FREE-FIELD ENVIRONMENT O

3741 3 2 1,5 33~4= Precision Method
3743                               5              3                     2                         3              2

The most accurate values of sound power levels of equipment can be deter-3744                               3                     2                       1,5               2.6             2

mined in a free field environment achieved in anechoic chambers* or in the(Anechoic room) 1 1 0,6 13743 (Seml-ln~..hoic open air. However, some sound sources are too heavy to be suspended or
roo~n) 1.5 1,5 1 1,5 - are associated with a reflecting plane, in which case measurements are car-

3748 - I - 5 ried out in what is termed a semi-anechoic chamber where the equipment is
’~ placed on a hard reflecting surface with absorption coefficient less than

Fig.5. 1.2. Uncertainty in determining sound power levels, expressed as the 0,06. In this case the spatial irregularity of the sound field may be increased
largest value of the standard deviation in dB as given bY ISO by the superposition of the sound field of the actual source and that of the im-
3740 age source, leading to a slightly lower accuracy of the measurement results.

It is important that the mounting base is prevented from vibrating and radiat-
ing an excessive amount of noise by the use of resilient layers.

lt~rldird Ciilfleitkm Volueet ~ lound ~ ~ Oplloall
=~=~’ ’~"~’ ~ "~" The sound power in a free field can be found conceptually by adding the

~41 m,,~o products of the areas times the acoustic intensities for the areas on any hy-

roomR~ff°er~ti°nme~tt~ ~°~6Lb~n~ In o,*m~,d ^-*,~"t,~ =~ phothetical surface that contains the source. Since equipment for measure-
~’=~ ,~m.e st,=~, o~.~, ~,~ ment of acoustic intensity is generally not available, sound power inevitably I~.

~.~,~, f,,~.,~o, has to be determined indirectly by taking the spatial average of the sound
t,.~t,t "~=~ pressure squared measured on equal areas on the enclosing surface. ISO
room volume St.dy,

3743 En~new~lngs~t.t ~,o,+~.~ 3745 suggests three different methods of microphone positioning on equal

d~,=,~ ~,~.~ ,~,~,~, areas on the surface of a hemisphere centred at the acoustic centre ~f the
. er~ source. (In practice the geometrical centre of the source is used). The radius

NorlttrIctlon,: Of the hemisphere should be at least twice the major source dimension or
I~’~eroom ~]II~.t~t *~mf ^-w~hted~ld r~ltlo~llndt.ou~l four times the average distance of the source from the reflecting plane,

,.,,,o.~t ~. o.,.m;~ ~,,.=, t,,,,,+, ,,, whichever is the larger, and in any case not less than 1 meter. .~-
/

Nore,triction,: Steady, Soundpre~urllw.t, 1) The first method involves moving a single microphone from positions 1 to
3748 Su~ly Not, p~illtltt ,,~t,~o~vw .,,,o~,.~, ^-~.+v~t,~ ot,,,~,~ 10 shown in Fig.5.1.4 or using an array of fixed microphones and sam-

~.~m ~+~,,t,- ,o,~ ~,~, piing their outputs sequentially.

Fig.5. 1.3. Various methods for determining soundpower levels 2) In the second method a single microphone is scanned at constant speed
along horizontal circular paths successively. A minimum of five circular

ison to be meaningful, and engineering grade of accuracy is sufficient. How- paths should be used as shown in Fig.5.1.5 where the annular area of
ever, the overall weighted level is sufficient if machines built to the same the hemisphere associated with each path is equal. Alternatively, the mic-
specifications are to be compared, rophone could be placed at the given respective heights successively

while the sound source is rotated at constant speed using a turntable.

* See Technical Review No.2-1968
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Elevations of Horizontal distance from Height of From the sound pressure level measurements on a hemisphere over a ref-microphone centre line of array to corre=ponding i Zposition= micropho ne Position=
0,r~ R ~1_ 0,899

8
7 * t2~rr2\

\~o/

- 2 ¯ where

= ]~ Lp = the mean surface sound pressure level over the test hemisphere in
~" ++e++++,+ dB. Ref. 20pPa

r = radius of the hemisphere
Fig.5.1.4. Microphone positions on equal areas on the surface of a hemis- So = reference area I m2

phere C = correction term in decibels when the atmospheric temperature and
pressure differ significantly from 20°C and 1000 mbar (10SPa) re-
spectively.

Axi= of rotation of microphone
traversing mechanilm When the mean surface sound pressure level has been determined it is pOS-

Elevatton~ of ( t ) ¯ sible also to determine the directivity index DI, which is of considerable inter-
microphone trave~ _~ est in practice for directional sources, Fig.5.1.6. For measurements over a

f i ~ 0’2RI

J..xl,,~..~ ......... I.. ....~ .... ,I ..........,u;;~,,~.. where Lp, ,, the ,o,.+ pressure level in the i‘h direction at+ distance , from
---=: = " the source.

Fig.5. 1.5. Coaxial circular paths for microphone traverses go=

3} The third method requires scanning a single microphone along a meridi- 45" ~35°
onal arc, i.e. the microphone is travei’sed along a quarter of a circular arc
about a horizontal axis through the centre of the source. At least eight
microphone traverses at equal azimuthal angles around the source
should be carried out, and may be achieved by rotating the source
through 45° before each traverse.

o’                                               180~
120     110 100 90 8070 50           7080 90 100 110     120

Sound Pre~ure Level in dB                                                 ~ezt,~

Fig. 5.1.6. Radiation pattern of a noise source with pronounced directi~[ty
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In a measurement report it may be sufficient to include only the highest Theabove methods involve use of multiple microphones or multiple micro-
value of DI and the direction in which it occurs, phone traverses. A method* which requires a single microphone traverse has

been developed at BrLiel & Kjeer. It is similar to method 3, except that the mic-
To determine the sound pressure level in 1/3 octave or 1/1 octave bands rophone traverse is modified such that it moves with a constant vertical

the simplest instrument that can be used is a sound level meter (with a filter speed (instead of constant angular speed) and is therefore associated with
set and extension cable) set on slow response. The average value of the me- equal areas per unit of time. The swing arm is attached to a string which via
ter deflection will approximate the mean squared sound pressure level if the a pulley is lead to the roof of the anechoic chamber and then around a wheel
fluctuations are less than 5 dB. When the fluctuations are greater, an Leq me- attached to the mechanical drive of a Level Recorder, see Fig.5.1.8. Instead
ter, such as the Precision Intergrating Sound Level Meter Type 221 8 should of carrying out eight scans as required by method 3, the test object is placed
be used. By measuring the Leq for equal time at each of the microphone posi- on a turntable and rotated while traversing the microphone. Thus the micro-
tions or microphone traverses, the mean surface sound pressure level is di- phone effectively moves in a spiral path relative to the sound source.
rectly obtained.

Fig.5.1.7 shows an instrumentation set-up for carrying out the measure-
ments automatically. When multiple microphones are used, a multiplexer can
be conveniently utilized to convey the signals to the Sound Power Processor
Type 7507. In the 7507 the signals from each microphone in turn are fre-
quency analyzed in parallel in 1/3 or 1 / 1 octave bands. The rms values of the
filter outputs are sampled, converted to digital values, squared, and the re-
suits accumulated before switching to the next microphone. Hereby a true av- ~
erage of the surface sound pressure’level is obtained. The numerical value of
the constant 10 Iog(2Trr2/So) + C is fed manually into the 7507 after which ~t 03
it calculates the sound power levels in each of the 1/3 or 1/1 octave bands
or as A weighted. The results can be displayed digitally or can be fed to ale- ~
vel recorder or an Alphanumeric Printer Type 231 2.

~::~Mich r=ophone$ 4165 i ~’~

== "=== _ = =~=::~;:=~ i,[- - The microphone traverse should be slow enough, so that the test object
~ ~ I = ] / I~ight Channel Channel Selector I Sound Power Alphanumeric

- IPower Supply 5619 I Processor Printer may be rotated at least five times during one traverse of the microphone. ,
==:::=- "- 5697 I 7507 2312 Fig.5.1.9 shows a laboratory set of instrumentation in which the Level Recor-

der Type 2307 plots the variation of sound pressure level whilst its motor
drive scans the microphone. The microswitches activated by the scan arm

aoteting Microphone Boom J start and stop the integration process of the Noise Level Analyzer Type 4426
3923 which determines the mean surface sound pressure level. The Precision Inte-

grating Sound Level Meter Type 221 8 may also be used instead. For greater
flexibility the output of the microphone can be fed to a Digital Frequency Anal-
yzer Type 21 31 where the frequency analysis is carried out in real time and
the mean surface sound pressure level displayed on its screen in 1/3 or 1/1

Fig.5. 1.7. Arrangement for automatic measurements of sound power levels
using an array of microphones or a rotating boom * For detailed information of this method see Technical Review No.4-1976.
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Z

Measuring Level Recorder Start switch I~Amplifier 2307

" L~ Analyzer 4426 ~ {IFilter Set 1618

/I \

. ._. ,-~--~i~J
Digital Frequency’ J ~"~-~’ i

X

Analyzer 2131 ~, ~l~II~,
I ~ ~..- I 7~o~ Fig.5. 1.10. Microphone positions on a paralle/epiped and a conformal sur-

Fig.5. 1.9. Instrumentation for determining the mean sound pressure level                          face
using a scanning microphone                                                urement surface may be either a hemisphere, a rectangular parallelepiped, or

a conformal surface which is the same as a rectangular parallelepiped except
that the corners are round and formed by portions of cylinders and s-~heres,

octaves. A desk-top calculator may be connected to compute the values of Fig.5.1.10. When environmental conditions permit, use of the hemispherical
sound power level or for getting a print out if several specimens have to be surface is usua.lly preferred. The conformal surface in general is expected to
tested. (A program has been written for on-line determination of sound give more accurate values of sound power level than the rectangular paral- ~.-
power for HP 9825A calculator.) lelepiped, but on the other hand more effort is required to position the micro- Iphones. However, for qualification of the measurement surface to be satisfac-

tory, the environmental influences of the test room have to be evaluated.
Engineering Method This is carried out by determining the ratio of the room absorption A to the

measurement surface area S. The measurement surfaoe is satisfactory if this
Anechoic chambers are costly constructions and are not always available to ratio is equal to or greater than 6. The higher the value of this ratio the bet-

the practicing engineer. However, sound power levels can be determined tar is the environment. The total absorption of the room can be determined in
with engineering accuracy according to ISO 3744 in a flat outdoor area, or in each octave band from Sabine’s equation
a laboratory room which provides a free field over a reflecting plane. Also
measurements on large machines (up to 15 m largest dimension) installed in A = O, I6(V/T)
factories and offices can be carried out in situ, where the contributions of the
reverberant field to the sound pressures on the measurement surface are where V is the volume of the room
small compared with those of the direct field of the source. Satisfactory condi- and    T is the reverberation time in seconds.
tions can be obtained in large rooms as well as in smaller rooms with suffi-
cient sound-absorptive material in their walls and ceilings. If the above requirement is not fulfilled, a measurement surface with a

smaller area should be chosen, but still be outside the near field of the
On account of the various shapes and sizes of the test objects, the meas- source. Alternativeiy, the absorption in the room may be increased by using
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standard would be exceeded. If this is not practicable, only "Survey method"
9 \ of measurement described in ISO 3746 can be used.
8 \\,
7

\                                                                 Survey Method

K 5 ~ ! For measurements according to this method no special environment is re-
~ I4 ~ quired, though the ratio of A/S must be greater than 1. The noise source

I may be of any size as long as the volume of the test room is large enough to3
permit the microphones to be located on either a hemispherical, or a rectangu-

2 \\ lar parallelepiped measurement surface given in ISO 3746. The background
~ i"~,,~ A weighted nbise level should be at least 3 dB below the A weighted sound

o I i -- level of the source. Only A weighted sound power levels may be obtained by
0,5 1 5 10 50 10o 300 this method. The measurement principles are basically similar to those of the

A/S ~,~ engineering method described above.

Fig.5. 1.11. Envrionmental correction K in dB

DIFFUSE FIELD ENVIRONMENT

additional sound absorptive material .in the room and redetermining the ratio Precision Method
A/S. From evaluation of the environmental influence given by A/S, the
magnitude of the environmental correction K in dB can be determined from As mentioned in section 5.1.1 a diffuse field is another type of well-de- ~"-
the curve given in Fig.5.1.11. This environmental correction K must be sub- fined environment suitable for sound power determination. Such a field can ~.-
tracted from the mean surface sound pressure level. Thus the sound power be obtained approximately in a large highly reverberant enclosure which is
level Lwcan be calculated from relatively cheaper to construct than an anechoic chamber. Diffusenes~ of the ~’~

field governs the accuracy of this method and is not always easy to achieve
S to a high degree especially at low frequencies and when the source radiatesLp K+ 10I°gt°~o pure tones. The accuracies given in Fig.5.1.2 can, however, be obtained if

the guidelines given in ISO 3741 are followed and the requirements for the ~--
where Lp is the mean surface sound pressure level test room qualification are fulfilled.

IS is the measurement surface area
So = 1 m2 . The minimum volume of the room depends on the lowest frequency of inter- (,1

est. For 125 Hz octave band (or 100Hz 1/3 octave band) a volume of
The directivity index can be determined in the same manner as described for 200 m3 is required for general purpose measurements. The volume should
the precision method, not be much larger as air absorption may cause an undesirable reduction in

the uniformity of the reverberant field in the highest frequency bands. In or-
The background sound pressure levels should ideally be at least 10dB der to avoid very close spacings between the frequencies of the normal

below the noise level of the specimen. For differences between 6 and 10 dB modes of the room, the ratio of any two dimensions must not equal or closely
corrections given in ISO 3744 should be applied. (When the 7507 is used approximate an integer if the room is rectangular. The ratios 1 : 21/3 : 4 1/3
these corrections can be carried out automatically by measuring the back- are frequently used. If the room is not rectangular, no surfaces of the room
ground noise spectrum), should be parallel. Large rotating or oscillating vanes are sometimes used to

increase the uniformity of the sound field in a room.
When the requirement A/S >~6 cannot be satisfied for any measurement

surface which lies outside the near field of the source, a new test environ- The equivalent absorption area of the test room affects the minimum dis-
ment must be selected as the measurement uncertainties specified in this tance to be maintained between the sound source and the microphone.posi-

tions and also influences the sound radiation of the source. The absorption
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area should therefore be neither too large nor too small. To ensure an ade-
where Lp is the mean band pressure level (corrected for background noisequate reverberant field the average sound absorption coefficient of all the sur-

level according to ISO 3741 if necessary).faces should not exceed 0,06o At frequencies below 2000/V 1/3, where V
T is the reverberation time in seconds, To = ls Ois the volume of the room in m3, additional absorption is desirable in order to
V is the volume of the room in m3, Vo =lm3increase the bandwidth of the resonance curves of the normal modes of the
S is the total surface area of the room in m2room. Yet the highest value of the average sound absorption should not ex-
~ is the wavelength at the centre frequency of the frequencyceed 0,16. The reverberation time in seconds should be greater than V/S

band in meterswhere S is the total surface area of the test room in m2. (If the above criteria
B is the barometric pressure in millibars.are not fulfilled, the test room qualification procedure described in ISO 3741

should be followed).
When measuring the mean band pressure level, the integration should be

carried out over at least 30s for requency bands centred on or below 160 HzWhen the sound source is mounted near one or more reflective planes, the and over at least 10s on or above 200Hz. There should also be a whole num-radiation impedance may differ appreciably from that of free space and the
ber of microphbne traverses or array scans during the integration time. (Thesound power radiated by the source may depend upon its position and orienta-
instrumentation required is the same as that for free field environment, ex-tion. When carrying out the measurements it is good practice to mount the
cept that a pressure microphone should be substituted for the free field one.source near a corner of the room in a position that is typical of normal usage
When using the 7507, the constants describing the environment can be fedand at least 1,5 m away from any wall.
in manually for the respective frequency bands).

If a microphone is scanned it should be traversed at constant speed over a
For obvious reasons, the directivity information of the sound source cannotpath of at least 3 m in length if the source emits broadband noise. The path

be obtained in a diffuse field. When the sound source emits pure tones ormay be a circle, a line, an are or some other geometric figure. Alternatively
narrow bands of noise the spatial variations in the sound pressure level ex-an array of at least three fixed microphones or microphone positions spaced
hibit maxima and minima, and generally greater effort is required in determin-at least a distance ~/2 from each other (where ,~ is the wavelength of the low-
ing its mean value. Also the sound power radiated is more strongly influ- ~._est frequency of interest) may be used. The microphone traverse or array
enced by the normal modes of the room and by the position of the source inshould not lie in any plane within 10° of a room surface and no point on the
the room. For such cases a greater number of source locations and micro-traverse or array should be closer than ,~/2 to any wall. Although discrete av-
phone positions (or a greater path length for a moving microphone~ is re- 03eraging with the use of a fixed number of microphones is the more expensive
quired, for which ISO 3742 should be consulted.method, it should be preferred as it will yield more accurate results. This is

because the individual microphones can be spread as far apart as the room
permits and a greater number of statistically-independent samples are ob-

Engineering Methodtained than when a single traversing microphone is used.
I

When high precision is not necessary and the cost and labour involved in
In a diffuse field the steady state sound energy in the room is equal to the carrying out the measurements should be kept to a minimum, the method de-difference between the sound energy transmitted by the source and that ab-

scribed in ISO 3743 should be followed. This method is applicable to smallsorbed by the room boundaries. From here it can be shown that the sound
machines which can be installed in a special test room with prescribed acous-power level Lw emitted by the source is given by
tical characteristics. For the minimum test room volume of 70 m3 the maxi-

T V mum size of the source should be 0,7 m3.Lw = Lp - 10 Iog~o ~o + 10 Iogto ~o

( S~)* ( )

Inpracticeitmaybenecessarytoadoptaroomwithhardsurfaces(forex-
~ - 14 dB ample concrete walls) as a test room. The reverberation time of such a room

+ lOIogto 1 + ~ + lOl°g~° 1000                                  is usually high at low and middle frequencies but approximates the pre-

scribed value at the higher frequencies. It can, however, be reduced at low* In a diffuse field where equal mean energy flows in all directions at ell points, the sound energy

frequencies by the use of membrane absorbers (e.g. a wooden frame coveredis distributed into interference patterns at the reflecting boundaries. Thus the mean energy density
is not uniform at all points in the field and the sound energy is concentrated near the walls of the with hardboard and filled with mineral wool) while at middle and high fre-
room. To compensate for this, the term IOLogIo(I+SA/SV) has been included in the above equa-

quencies perforated panels with mineral wool interiors will often be suitable.tion,
For the room qualification procedure the reverberation time of the room is de-
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sound source of known sound power output (fulfilling the requirements of
ISO 3748"), has the advantage that the reverberation time of the room need

~’6i ~. not be measured. In this method the mean band pressure levels of the test
.~’~ specimen are measured (as described in the previous sections); the test speci-

e,4 ~~ ~ men is then substituted by the reference sound source and the procedure re-
X~ "~ .,~ Limiting Curve~ peated for the same microphone positions. The sound power level Lw of the

~,2 --~--       ~_.....
/I

J --
test specimen can then be determined from the equation.

,.0
/z -7 _____T/TN Example of e normal reverberation curve

o,8 -- where Lp is the mean band pressure level of the test specimen
Lpr is the mean band pressure level of the reference source

0,6 Lwr is the nameplate sound power level of the reference source.

o,4 (The use of Reference Sound Source is also recommended in ISO 3744,
and 3746 as an alternative method for determining the environmental correc-

o,2                                                                    tion in the "qualification procedures for the acoustic environment".)

0 125       250      500.     10oo     2000     4000     8000
Octave Band Centre Frequency Hz

Fig.5.1,12. Limiting curves between which the normalized reverberation
time curve should fall

termined in 1/3 octave bands and normalized with respect to the reverbera-
tion time at lO00Hz. The normalized reverberation times are plotted against

""’"’the 1/3 octave centre frequencies, and the curve thus obtained is centred
within the limiting curves given in Fig.5.1.12. (The limiting curves shown in ~--
the figure are a function of the volume of the room and is here plotted for I70 m3). If the normalized curve cannot be centred within the limiting curves
the reverberation times should be adjusted.

Fig. 5.1.13. Reference and Electroacoustic calibrated sound sources
To determine the number of microphone and source positions as well as

the calculation procedure for sound power by this method, ISO 3743 should
be consulted. The measurement method however, is very similar to the preci- Fig.5.1.13 shows Reference Sound Source Type 4204 operating on an aer-
sion method described earlier, odynamic principle, and Type 4205 which is a calibrated electroacoustic

sound source. Type 4204 has a fixed broadband sound power output and is
calibrated in 1/3 and 1/1 octaves. The 4205 consists of two units, a genera-

COMPARISON METHOD tor and a loudspeaker unit HP 1001. The output from the generator may be
wide band pink noise or it may be octave filtered noise using the seven built-

The methods for diffuse field measurements described above are absolute in band pass filters. The output can be varied continuously and the sound
methods. The comparison method which requires the use of a reference power level emitted can be read off the meter scale. This feature is especially

* At present at the stage of draft,
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directivity characteristics of the two sources have a minimum of influence on
useful when the machine under investigation may not be switched off as will the results.
be shown in the following. Because the sound source can be switched off in-
stantly it can also be used for reverberation time measurements in connec- In Fig.5.1.1 5, the results of wide band analysis in terms of the A-weighted
tion with a sound level meter and a level recorder, sound power levels are given. A difference of 1,5 dB is found between the

free-field method and the substitution and juxtaposition methods. Ideally,
To illustrate the method the sound power level emitted by a tractor was either the spectra of the two sources should be similar or the reverberation

measured according to ISO 3744 in open air over a reflecting plane. The trac- time of the room should be uniform over the frequency range. If neither one
tot was then driven into a large hall, Fig.5.14 and measurements were car- of these conditions is reasonably fulfilled, the A-weighted values can be cal-
ried out with the 4205 using the substitution and the juxtaposition methods, culated from the octave band levels and A-weighted correction factors given
In the substitution method, the sound pressure levels with the tractor operat- in ISO 3741 Annex C. The results obtained by this method are also shown in
ing alone were measured at the microphone positions marked "x’. The tractor Fig.5.1.15 and agree fairly well with the measured values, as the spectra of
was then replaced by the loudspeaker unit HP 1001 and the power emitted the 4205 and the tractor were very similar.
was adjusted until the same sound pressure levels were obtained at the
same microphone positions. In the juxtaposition method, the loudspeaker unit ~ We~ht~d M~=urement= of Sound Power
was placed beside the tractor and both of them were operated simultane-

Measurement Mea~Jred Result= calculatedously, The power emitted by the 4205 was adjusted until a 3dB higher M~thod Re~JIt= from octavemea~Jrement=
sound pressure level was measured than when the tractor was operating

DIS 3744 94,0 dBA -alone. In both the methods the power emitted by the tractor would be equal Sub~titution 92,5 dBA 92,5 dBA
tO that emitted by the 4205 and could be read off the meter scale. The re- Ju~t~po~Ition 92,4 dSA 93,0 dBA
sults obtained for 1/1 octave analyais are shown in Fig.5.1.14 and can be Table 1 leoteo
seen to be in good agreement with those measured according to ISO 3744 in Fig.5.1.15. A weighted measured results
open air. To increase accuracy, the number of measurement positions should
be increased. Because measurements are taken in the reverberant field of
the room a reasonable distance away from the sources, the differences in the Selected Bibliography
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Fig.5.2.1. Distribution of measuring positions to determine noise levels in 8
factory

levels can then be compared with acceptable levels based on criteria given in
5.2. NOISE CONTROL IN WORKSHOPS, FACTORIES AND OFFICES Chapter 3.

Noise is often a problem in the working environment, whether from produc- In work-spaces with fairly uniform noise levels, the first step should be to
tion machinery in the factory or business machines in the office. Although determine the average level by making a number of A-weighted measure-
the level of noise, its characteristics, and the criteria used to assess it, differ ments with a portable sound level meter at points evenly distributed around
from one environment to another, the basic reasons for controlling the noise,
and the methods of doing so, are generally similar.

Noise may                                          ..

(1) Damage hearing if consistently of a high level or of an impulsive nature.

°(2) Impair Safety by making warnings difficult to hear.

(3) Hinder Communication between employees who work as a team and
where efforts are interactive, such as cargo handlers and foundry work-
ers, or who carry out much of their work by telephone or direct discus-
sion.

(4) Interfere with efficiency, either as a direct result of communication loss,
as above, or by causing fatigue and loss of concentration.

(5) Be annoying.

Whatever initially stimulates concern about a possible noise problem, the
first action should be to ascertain if a real problem exists, and especially
whether or not it is of a magnitude which could lead to hearing damage. The
only way to be sure of this is to measure it, and therefore have at hand objec-
tive information on which to base any subsequent decisions. The measured Fig.5.2.2. On-site noise measurement in a machine-shop
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the room, as in Fig.5.2.1. If the result of these first simple measurements in-
dicates a noise climate which is other than clearly acceptable, a further set of
measurements should be made to investigate the noise spe, ctrum in more de-
tail, say in terms of octave bands. This can be done on the Spot as shown in
Fig.5.2.2 using an instrument like the Type 2215 Precision Sound Level Me-
ter and Octave Analyzer, together with the Type 2306 Portable Level Recor-
der to provide a permanent record of the measurement results. This type of
approach is suitable in most large reverberant workshops or rooms where a
number of similarly noisy machines are installed. The room surfaces of work-
shops are often acoustically hard, with very little other absorption, and conse-
quently problems arise from echoes and reflections as well as from the in-
creased noise level caused by long reverberation times. A useful reduction of
the overall level may be achieved in such circumstances by the introduction
of large areas of absorbing material either applied to walls and ceilings or as
free-standing or hanging panels. This is especially effective when absorbent
surfaces are provided behind machines placed in corners so that much of the
sound energy normally reflected back into the room is lost at those surfaces.
Judiciously positioned these can also be made to eliminate the annoying ref- o ~ o-~,~=K~,~

~.~ "~’~K~" I

lections and flutter echoes caused by parallel surfaces. ,.,~.:__~. ,~-t~,=__Lo,~ urn. ~.:__.z w,. s~:__,,.~/=~=.P.~$~:--,~./==c.I

If the original survey revealed that particular machines were the dominant
noise sources in the room, these should be more intensively studied with a
viewto reducing their acoustic output at source. This may be simply accom-
plished by replacing the machine with a quieter type or by modifying it to radi-
ate less sound, e.g. by fitting a quieter fan to air-moving equipment, a com-
mon source of noise especially in office buildings. Reduction of noise to an ac- ~o.,,~.s.~.~ ~=~=~=~ ~ .
ceptable level may, however, demand careful redesign and alteration of the
mechanical process and/or operating procedures. Fig.5.2.3. Measurement of vibration

a) accelerometer     b) octave spectrum
Because of the growing awareness of the damage to hearing from impact

noise, processes and machinery which generate this, such as bottling plant
and punch-presses, have been the subject of extensive recent research noted spectrum of the offending machine, its individual parts, and the local building
in the bibliography at the end of this section. Air-moving and distribution structure. This can be obtained using an instrument such as the meter Type
equipment, because of its wide use in office buildings, is also an important 2215 used in the preceding survey for octave band analysis of the noise with
area of interest for noise reduction engineers, an accelerometer i~ place of the more usual microphone. Fig.5.2.3. shows a

mounted accelerometer, together with an octave spectrum obtained from the
Vibration of machinery should be kept to a minimum as this is radiated into machine.

the room as noise, either directly from the machine by panels, worn bearings
and moving parts, or via the supports and building’s structure as structure- When all possibilities for reducing source noise emission have been ex-
borne noise. Once established in the structure, it may travel to, and cause an- hausted, modification of the transmission path between source and receiver
noyance in the most distant rooms of a building, suffering only minimal at may be the only feasible approach. Machines which have marked directivity
tenuation during transmission. The importance of well-maintained, rigid, bal- patterns can be orientated so that operators are positioned in the quieter re-
anced, damped, and effectively isolated machinery cannot be overemphasized gions, and the high noise levels directed away from them into highly absor-
when discussing the reduction of radiated noise. A full discussion of vibration bent acoustic screens or partial enclosures. This is particularly effective when
isolation and damping techniques is, however, outside the scope of this book, the noise is predominantly composed of high frequencies or can be easily ref-
but much useful knowledge can be gained relatively simply from a vibration lected in a particular direction.

154 155



It may be possible to insulate the operator by controlling the machine rem- ~o
otely from an attenuating booth. Insulation treatments such as Acoustic lo    Ref~ Level (Machine only)I
screens and partial or complete enclosures may be preferable in certain cir- ~ °~/~"~T’-I I I ~l ~"~ -10 ;~- Machine on vibration i latocumstances. For example, temporary screens or partial enclosures can be er-

; =, -20
Iected around mobile compressors and generators and dismantled just as Machine .~-30

quickly when the job is finished. Permanent plant such as air movers, power ~o _,~
plant, pumps and the like, which only require access for short periods and at -5o20 1co 1coo 1coco
infrequent intervals for inspection and maintenance may be totally enclosed. I=olatc a) Frequency Hz
It must be remembered though, that much industrial plant needs air for opera- 10
tion or cooling which must be drawn in and exhausted through attenuated

~////~/~//////!//~
iafi Lil (Michiia inlY)

ducts. ~_ -10 U~e of e sound "barrier"¯ ~ -20
The effectiveness of various c6mmonly used attenuating structures is Machine P J~-30

shown in Fig.5.2.4. It should be especially noted that the attenuation pro- ~o _40
vided by light-weight structures and screens is particularly poor at low fre- ~, I -5020 100 1000 10000
quencies because of the effect of the mass law and diffraction respectively. A Frequency Hz

Light Weight Enclo=ura     I            b) 10     Refl Le~;el (Machine ~nly)heavy enclosure with a lining of sound absorbing material is the best means
of providing airborne sound insulation if high attenuation is required. A signif-

~~!F//,,///~"/

icant improvement in low-frequency attenuation can usually be obtained by ~= -lo U~e of light weight e~nclo~Jre
isolating the source from the structure by means of anti-vibration mounts, p
thus reducing the amount of noise’which is radiated back into the room by Machine

I

._~ -30
the "sounding-board" effect of the vibrating floor and walls. This is of major ~ -4o
importance when methods are being contemplated to reduce the noise trans-                                                        20 1co     1000     10000

Frequency Hz
mitted from one room to another in the same building, especially to one di- Lined Meisive Enclolure c)
rectly below. The airborne sound insulation of a structural floor is usually ade-

/ vi~~~/~.///////~ .................I [ lC Ref" Le~ei (M~chine °nlY)| ’ 0 ----~- --, ~/_~< ~~~..~./~/’~I

quate for most purposes, but vibration transmitted into the floor from a ma-
=~chine can easily give rise to very high sound levels in the room below. This is ~because buildings of conventional construction have very low structural damp- ¯ Machine p ~ _5O

ing, which allows vibration generated at one place to be transmitted through- _
uselof Ilned ma~$ve nclout the building with very low attenuation. Incidently, it is for this reason that I

~o -40_50
I ~’-

many new city-centre buildings which have been constructed near or over 20 100 1000 10000

railways, have been mounted on resilient supports to isolate them as far as is d) Frequency Hz

practicable from these extensive sources of structure-borne noise. The effec-

I ii--i~ii~- ~- -~i /

101
tiveness of employing a combination of vibration isolators and a well-sealed ~= 0 1 Ref. Level (Machine only)

-- -10heavy enclosure is well demonstrated in Fig.5.2.4.e. Further attenuation can ’ ° ~ -2o
be obtained in extreme circumstances, such as might arise with the continu- P = -30
ous operation of noisy plant in residential areas or with concert halls and stu- ~ --40 Use of lined ma~ive enclosureand vibration isolators
dios, by the use of multiple enclosures, sealed doors, and airlocks.                               ~///////.././/=///~//~.~/,/~,/.~/_//_///~’/////,~        -5o20 100     1000    10000

p point o~"~at~on               e)                       Frequency Hz ~,~:

Fig. 5.2.4. Various methods of noise attenuation
a) vibration isolators b) sound barrier
c) lightweight enclosure d) massive enclosure with absorbent lining
e) employing both a) and d)
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Factory Noise Measurement

Heavy duty compressors are a notorious source of high noise levels in facto-
ries, where they supply compressed air to a central system, in offices and

shops where they form part of the airconditioning and refrigerating plant, and
on construction sites where they provide the power for pneumatic tools. They
are considered such a problem that a recent I.S.O. standard is dedicated to
the method of measuring the noise output of compressors destined for out-
door use. The noise and vibration produced by a large reciprocating compres-
sor, driven by an electric motor, and used for supplying compressed air
throughout a factory complex, was investigated to demonstrate the approach
to the problem. Measurements were made using a Precision Sound Level Me-
ter and Octave Analyzer Type 2215 connected directly to a Portable Level Re-
corder Type 2306, to obtain immediate permanent documentation of the spec-
trum. A tape recording was also made so that a further analysis in third oc-
taves, or perhaps even narrower bands, could be carried out in the laboratory
at a later date if it was found that a closer definition of peaks in the spectrum

Vibration was measured at several positions on the machine, and on the
floor of the compressor room. This information often proves invaluable if
some form of remedial treatment has to be designed to reduce the noise level
in adjacent work areas. Where large machines are concerned, much of the re-
ceived noise is the manifestation of vibration from the machine. Better moun-
tings and balancing may alleviate this type of problem, whereas reduction of
the actual sound output of the machine generally will not.

Three of the spectra obtained from these measurements are reproduced in =o Hz ~0 ~OO FIz ~o0 lo00 2000Hz ~000 10000 ~O000~0000DA

Fig.5.2.5. The first is the usual unweighted octave spectrum of the noise in
the room from which the noise rating value can be determined if required. Fig.5.2.5. Octave spectra of compressor noise and vibration
The second is the A-weighted octave band spectrum, which can be measured
directly using the special switch position on the 2215. This facility is espe-
cially useful when the noise criteria to be met are set in terms of dB(A), be- Office Noise Measurement
cause it is possible to see immediately which octave bands are contributing
most to the A-weighted noise level, and therefore where the noise control ef- The reduction required in a given situation depends primarily on the func-
fort should be concentrated for maximum effect. In this example it is quite ob- tion of the area and the existing noise level within it. The overriding criterion,
vious that the best place to begin would be the relatively high levels in the which must always be met, is that relating to hearing damage. In less noisy
250Hz and 1 kHz octave bands. The vibration spectrum of the compressor circumstances the allowable noise level may be defined by the requirements
base, reproduced in the third figure, now demonstrates its usefulness be- for adequate communication, employee comfort, or the avoidance of corn-
cause it also has a high level in the same frequency band as the measured plaints from the community at large, in offices, however, one is unlikely to en-
noise, an indication that this particular noise is probably caused by mechani- counter noise levels high enough either to damage hearing or give rise to
cal vibration. The other maximum level was readily identified as being due to community annoyance, so the noise criterion is usually set by the need for
the air intake. Both these sources would require attention to achieve a worth- easy face-to-face or telephone communication, or by the annoyance and dis-
while improvement in the overall noise level. In this way, methods of improve- traction caused by intrusive noises. In this context it is as well to bear in
ment can be tried in the order that they would be likely to yield the best re- mind that too low a general background noise level accentuates the intrusive-
suits for the costs and effort involved, hess of external noise, and also allows private conversations to be overheard
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easily. This may occur both within the office and between offices if their               o.o o,ooo=~==oo~u=uoo~==~=~o=~=oou=oo~ooooo=ooo=oa~                      ~o
Br(~el & KJmr Br~iel i Kj=ersound insulation is poor. It is often possible to avoid this problem by con-                80--heew veh~le----Aircraft~C~o~e~Passing cars               Several~---                       (.~

trolled leakage of external noise so that the background noise level is high
i70~Sound;.-_~l flyover----------typewriter

typewriters~ 1

enough to prevent the understanding of distant conversations, but allows z=eve~ --close conversation to be carried on normally and so is also acceptable to
:60!dS(A).~___f::: i ~, , ’ . ;.; . " =’:’="~’:’== " J=i ~,, ,;= ,~,~;
:50 ’ "’.."~" " ’. ; .’,’’--’." . ..... ---- : .    ::=’ .,staff. Other passive noise control techniques include the careful positioning
~~~~!;~=.=."=~=.’-=~-..-~of acoustic screening, absorbent panels, and noise-producing office equip- .~ ~-., .~=-,w-..-~.~. ~..~-~T~’~’~-~-;’~:~ ’ " ~’.’.~_’~":~ ".’.r~" ~.’.ment. Active sound conditioning techniques have recently been developed

which supply a continuous broad band noise with a special spectrum. The o~0,o,
noise interferes with speech and renders it unintelligible beyond normal con-

Fig.5.2.7. Typical time history of noise heard in an officeversational distances, this providing an acoustically private local area, while
at the same time masking potentially annoying noise. This method of back-
ground noise control is useful when normal insulation and absorption mea-

used to process the information and a permanent record of the analysi~ wassures are difficult to install, or where extremely low existing background
made using the 2306.noise levels demand high insulation and therefore lead to high weight and

cost. The more usual problem in office design is that of reducing noise from The statistical analysis of the noise in the unoccupied office, in the ab-
air-conditioning systems and office machines to an acceptable level according sence of the new ventilation plant but with the old plant and services func-to the criteria discussed in Chapter 3. This is an area of much research and

tioning normally, and with the other parts of the factory and other offices oc-expertise, and interested readers are referred to the bibliography at the end cupied, is reproduced in Fig.5.2.8. The noise level is concentrated aroundof this section for a more extensive discussion of the problems of air-condi- 40dB(A), the level of continuous noise from the old ventilation plant. Intru-tioning systems in particular, and "the noise control techniques generally. The
sive events from outside the office, mainly from elsewhere in the factory andGeneral Reference section also includes several books and periodicals dedi-
from road traffic but also from occasional aircraft, give rise internally to inter-

cated to noise control engineering, mit:ent peaks up to nearly 70dB(A). These facts should be compared with
the time history of the noise level generated in the office during its normal op-A survey of a typical office environment was made to determine the back-
eration. The typewriters clearly produce internal noise levels in exce~s ofground levels before occupation, to check the noise emission ot~ newly in-
most of the noise originating from outside, and the background should there-stalled ventilation plant, and to measure the general noise levels after occupa-
fore be acceptable to the office staff. The comparison between the ventilationtion. To do this required both a statistical and frequency analysis and the por-
noise before and after the installation of a new and more powerful system istable equipment used is shown in Fig.5.2.6. The Precision Sound Level Me-
a different story however. The noise spectra produced by the two systems are ~.=ter and Octave Analyzer Type 2215 was coupled directly to the Portable Level
shown plotted on noise rating curves in Fig.5.2.9. The new system is demon-

IRecorder Type 2306 to record the time-varying noise level, as shown in
strably noisier than its predecessor, nearly 20dB(A) in fact, the noise ratingFig.5.2.7 and the levels obtained from the frequency analysis of the ventila-
going up from an acceptable 33 to a quite unacceptable 55. The shape of thetion units. To obtain the statistical distribution, the Noise Level Analyzer was
octave band spectrum, with a distinct maximum rising, in this case, almost
15 dB over the general level, is one of the problems most often encountered

Sound Level Meter
and O~tave Analyzer

2215                                  ~o

Noise Level Analyzer                              rder
4426

I
2306

0
Fig.5.2.6. Instrumentation for statistical and frequency analysis of noise in

an office                                                                                Fig. 5.2.8. Statistical analysis of office noise
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5.3. PRODUCT NOISE ANALYSIS 100 Exhaust Total

A quiet product has distinct marketing advantages over its more noisy -~ go
competitor, whether it is ultimately destined for the home, office, workplace, ~ ~ ~..~.:_-~-~_.
or transportation system. Legislation to reduce the more obvious excesses of ~ ~ ~" ~ ,o~
noise pollution, e.g. from aircraft, road traffic, and factory, has led in turn to ~ o go
a more general appreciation of the benefits of quiet domestic and office equip- #,~,~ ~=

’ Y               _~ t / ~’-ment, and a demand for increased noise reduction and control effort. How-
~.o

70_ Mechanical / V l_~{n~ai..I-
ever, producing a worthwhile reduction in the noise output of a product can
be an extremely costly, difficult, and time consuming process. Problems arise
because of the ear’s excellent sensitivity at extremely low sound pressures. A (~ 60 ~ From engine casting

low-power domestic machine, say a hair-dryer, may consume 100 watts of I     I    I
electrical power. If only one millionth of this available power is converted into 63 125 250 500 1000 2000 4000

Frequency Hz                                     7#o3~
noise, the sound pressure level at a distance of 30 cm will be of the order of
80 dB. It is easy therefore to envisage the problems involved in reducing the Fig.5.3. I. Overall noise from an internal combustion engine and its constitu-
noise from a normal small car engine which may typically generate about ent components
50 kW., or a power station generator set which may handle 500 MW. It also
explains why design Engineers never have to worry about the energy lost by
conversion into acoustic radiation, although this tiny loss may emerge as an such as this, the individual sources which contribute most towards the over-
intolerable noise nuisance, and a~ intractable problem to the noise control all noise level or band spectrum levels should first be identified. The techni-
Engineer. cal and economical feasibility of any noise control measures which might be

taken can then be assessed in relation to their impact on the subjective noise
Noise occurs as a by-product of mechanical or aerodynamic motion which level of the product. An example of this type of preliminary analysis is shown

maybe necessary to, or produced by, the normal operation of the machine in Fig.5.3.1, demonstrating conclusively that the exhaust and mechanical
and can be readily associated with its various moving parts. Rubbing and roll- noise contribute most to the total noise level. Any noise reductior~ effort
ing contact, impact of moving parts, panel resonances induced by imbalance, should be concentrated on these sources, being the most likely to provide the
meshing of gears, turbulent flow, and fan tones, all have characteristic greatest reduction in noise emission for the time and money expended on
spectra from which the source of the noise can be identified, their investigation and redesign. A large scale noise investigation of this type

will probably also employ vibration measurements in order to examine locally,
Although a full description of the detailed techniques of noise reduc- in detail, noise producing mechanisms such as valve operation, combustion,

tion and control is outside the scope of this book, an explanation of how the and crankcase vibration, which are essentially mechanical in nature. Micro-
problem can best be approached should be useful. When attempting to mini- phones would be used to measure overall noise spectra and directivity part-
raise the noise radiated by a product, both the noise producing and radiating erns, and those noise sources such as the exhaust, intake, and fan, which
mechanisms must be investigated if a noise control program is to be fully ef- are directly concerned with the moving of air, the medium of both the engine
fective. Location of the vibrating components which often constitute the noise cycle and sound transmission, and therefore obvious situations for acoustic
source, and the parts of the structure which are efficient radiators of sound, measurement. The exact measurement and analysis techniques will depend
may necessitate a combination of both noise and vibration measurements, on the complexity of the problem, and the difficulties encountered in provid-

ing the required reduction in noise.
As an example, let us look at a product where legislation is not only encou-

raging much research effort but which also involves a large number of noise Although a simple sound level measurement may show that a problem exo
producing mechanisms, many of which can be found in a variety of other pro- ists, a frequency analysis is usually required to identify its characteristics
ducts, namely the internal combustion engine. Sound sources include aerody- more accurately prior to redesign or remedial treatment. Whether a constant
namic noise from the fan, impact noise from tappets and valves, explosive percentage bandwidth or constant bandwidth analysis should be used, and
combustion of the charge, exhaust and induction pulses, gear and chain the bandwidth itself, depends upon the frequency resolution which is re-

noise, and casing noise caused by out of balance vibration forces from rotat- quired for the particular application. If resolution is of greatest import.ance,
ing parts, primarily the crankshaft and camshaft. In a multi-source problem then a narrow band, constant bandwidth analysis is required. This gives uni-
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form resolution on a linear frequency scale and therefore gives equal separ-
ate of harmonically related components. Indeed, in the case of systems with
very many closely-spaced peaks in the frequency spectrum, it may be neces- Meesuring Arnplifier
sary to further analyse the spectrum itself in order to identify side-bands and 26o6
harmonics properly. This process is termed Cepstrum analysis and finds parti-

:.~ 0 ~cular application to the condition analysis of complex gear trains. -~ - ~~ ~’1 Digital Frequency Analyzer
Constant percentage bandwidth analysis in octave or third-octave bands is

.~ ,’~ ~’-. b., FI~
2131

often used in the fields of noise reduction research and development and qu- 6a;d Pass Filterality control, especially for products such as air conditioners, fans, ventilators 1618
and jet engines, for which the regulations define allowable noise levels in I Rernotecontrol cable

those terms. Quality control can then be carried out relatively quickly and a
copy of the analysis included with each item to demonstrate that it confor- I
ms to the specifications. Narrow band analysis is more usually applied to mo-
nitoring the health of large machinery, where a more effective check may be Level Recorder

2307kept on both the level and the frequency of identifiable peaks in the spectrum
which are known to be related to the motion of key components. Changes in Fig.5.3.2. Quafity control testing using a small anechoic chamber
either of these parameters may, for example, indicate a loss of stiffness in a
shaft, perhaps due to the beginning or growth of a fatigue crack which could

ply to pass or fail a unit, or a family of spectra to divide the production unitsultimately lead to catastrophic failure,
into a series of quality classes with regard to noise or vibration emission.
Where detailed analysis at high speed is required a real-time analyzer, as

Quality Control                                                                        also shown in Fig.5.3.2, can be used with advantage. The 1/3 octave spec-
trum of the test article can be displayed on the screen alternately one of a
number of pre-prepared limit spectrum-which may be read into the memoryHaving reduced the noise radiated from the development prototype, the
for comparison. Connection of a desk-top calculator makes the proc,:ss fullymanufacturer must now ensure that production control is such that units lear-
automatic.ing the factory meet his stated specifications. This will normally require the

installation of a small test chamber or noise insulated region, together with
the necessary instrumentation, in the inspection area. These often have a
high background noise level which necessitates heavy construction for the o~ooo[]~[][][][]~o~u~u~u~o
chamber walls in order to provide sound insulation high enough to attain sui- c,,.,~,= =
tably quiet conditions for testing. In some cases this can be avoided by substi-
tuting an accelerometer for the microphone, and measuring at a point on the
product where vibration is representative of the radiated noise level. Acoustic
testing methods on the other hand have the advantage that they measure the __               --
actual radiated noise and do not involve contact with the test object.

An instrumentation arrangement suitable for this type of test is shown in
Fig.5.3.2. The level recorder controls the switching of th.e filter set so that an --
octave or third octave analysis can be carried out automatically, and at the
same time produces a permanent record of the test object’s performance.
This can be included with the product to assure the customer that specifica-
tions have been met, or may serve to assist the service engineer to diagnose s,,,., S L. ,
the fault in the event of a failure. Fig.5.3.3 shows the results of a test on a ~,=~,,,~,.~s~.~ ~
small compressor compared with the target noise limits in both dB(A) and

Fig.5.3.3. Octave band test results from a small compressor compare# withalso in each of the octave bands. There may be only one limit spectrum sim-
limit levels
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The acoustic and/or vibration inspection of a product not only ensures that                                                                                               ~o
it meets stated specifications, but also allows a diagnosis of any faulty compo,

i _~~~ j~ ~-

nents. This is particularly effective for mechanical equipment containing mov- I
~ O

- Iing, and especially rotating, parts.

Precision Sound Level Meter
and Octave Analyzer

Machinery Condition Monitoring

J ~’~-~t-~ ~T ~ L-~cIU J~!:~ tr~ J"~ celerometer ~

2215

As suggested in the previous section, a by-product of the noise and/or vi-
bration measurements for quality control purposes will often be the spectrum .of an item which has failed for some reason to meet stated specifications. ~2,
Thistells much aboutthe product’s mechanical state, and, because the sound

Fig.5.3.5. The application of both noise and vibration condition monitoring toemitted by machines changes in both level and character as wear takes place
continuous processing machineryand faults develop, suggests that these diagnostic techniques may be ex-

tended beyond factory-based quality control procedures to monitoring of the
machine’s condition in service. Machines seldom break down or fail sud-

time between the development and the recognition of a fault is kept to a mini-denly. Signs of impending failure often appear long before the occurrence
mum. Suspicious increases in noise and/or vibration levels can be checkedof a catastrophic failure which interferes with production schedules or causes
at more frequent intervals than normal, and the engineer can immediately or-dangerous and expensive damage. However, the advantages of condition mo-
der a repair if his suspicions are justified. Fig.5.3.4 shows how this proce-nitoring are wider than simply the prediction and avoidance of failures which
dure works in practice for a new machine, the levels decreasing during the in-might cause shutdowns. A planne~l maintenance system for example will of-
itial running-in period, increasing very slowly as normal wear takes place,

14)ten replace wear-prone parts, involving a shut-down of the system and subse-
and finally increasing very rapidly towards a major failure, indicating thequent toss of production, long before it is really justified as indicated by on-
need for immediate replacement of vital parts. ~1condition monitoring. Considerable savings can be made by increasing the

mean time between shutdowns as well as by further reducing the possibility
The type of analysis system used to process the signal depends, as :lid the ~,O

of an unpredicted catastrophic failure. This is done by frequent checks or
quality control procedure discussed earlier, on the complexity of both the ma- ~Ocontinuous monitors connected directly to alarm systems, so that the elapsed
chine itself and the technique being used for assessing its condition. A sim-
ple sound and/or vibration level measurement with perhaps octave or 1/3 oc-
tave filters may give sufficient information for the maintenance engineer to or-          ~"--

Breekdown~ der repairs to the machine. In this case a sound level meter with a converter J
/ to allow the instrument to accept on accelerometer input may be used, as in
~ the case of the process machinery in Fig.5.3.5. (,1/

I
/

At the other extreme, in the case of, for example, a complex gear train, a

Engineer orders repair narrow band analysis is necessary to resolve the many different spectrum

~,
Normal che~k intervals peaks from gear rotation, bearing rotation, and gear meshing. To reduce the

time necessary to carry out such a detailed analysis, a system such as that~ Machine Condition maintenance shown in Fig.5.3.6 can be used. This incorporates a real-time digital narrow~ Planned Engineer notes need
Maintenance band analyzer to detect the pure tones and harmonics at shaft rotation and

tooth meshing frequencies, as indicated. When dealing with complex struc-
tures and machines the problem of identifying noise sources becomes ex-
tremely involved. The advanced techniques needed to deal with these prob-

"r~me---~-~. lems such as cepstrum, correlation, and coherence analysis, require a thor-
~ ough knowledge of the subject, and there are many excellent specialist books

and articles available, see references.Fig. 5. 3.4. The operation of a machine condition monitoring procedure
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Tooth FIELDING, B. J. and    Identification of Mechanical Sources of Noise in aMeshing
Frequency Tooth SKORECKI, J.: Diesel Engine: Sound Emitted from the Valve Me-~el Hz a~hing

chanism. Proceedings of the Inst. of Mech. Eng.Frequency
918 Hz 1966-67. Volume 1 81, Part 1.

HZ GEISSLER, W.: Untersuchungen 5ber die Entstehung und Minderung
starker EinzeltSne bei radialen Ventilator-Laufri~-

I~.vel ======                                                                  dern grosser Laufradbreite. Kampf dem L~rm. Bd.
Pinion 24~ 12. Heft 3. 1965. S. 59.11,5 Hz Tooth Microphone Narrow Band Spectrum Analyzer L~,’el R~corder

M~hing A~embly 2031 2307 I.M.E.: Acoustics as a Diagnostic Tool. Proceedings of a Con-Frequency
2241 Hz ference held at the Institute of Mechanical Engineers

on 20th October, 1 970.
I,S.O.: Recommendation 495-1955. Genera/ requirements

for the preparation of test codes for measuring the
noise emitted by machines.

I.S.O.: Recommendation 1680-1970. Test code for the
measurement of the airborne noise emitted by rotat-
ing electrical machinery.

I.S.O.: Recommendation 2151-1972. Measurement of air-
borne noise emitted by compressor/pr/memover
units intended for outdoor use.

~-"--" I.S.O.: Recommendation 3741-1975. Determination of
Fig.5.3.6. Example of the application of real time narrow band analysis to sound power level of noise sources precision meth-

fault finding in a complex gear train ods for broad-band sources in reverberation rooms.
I.S.O.: Recommendation 3742-1975. Determination of

sound power level of noise sources -- Precision
methods for discrete-frequency and narrow-band
sources in reverberation rooms.

JAEKEL, K.: Ger~usch und Schwingungsmessungen an grossen
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1964. p. 215.
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RANDALL, R.B.: Cepstrum analysis and gearbox fault diagnosis, B & K The audiogram itself is determined by applying a slowly changing sound le- ~o
Application Note No. 13--150 vel to each ear in turn, usually by means of close fitting earphones, the sub-

ROE, G.E.: The silencing of a high performance motorcycle, ject indicating the level at which it can be heard. This procedure is normally O
J.S.V. VoI. 33. No.1 1974. pp. 29 -- 40. carried out at several frequencies. In this way the subjects hearing threshold

’ can be traced and compared with a standard curve representing the normalROFF, J. A. and A Review of Vehicle Noise Studies Carried out at threshold derived from a series of tests on young adults with normal hearing.PERRY, R.D.H.: I.S.V.R.J.S.V. Vol. 28. No.3. 1973. pp. 433 -- The basic requirement of an audiometer, then, are that it has a large dy-
470.                                                         namic range to cope with the wide variation of hearing sensitivities within

SATO,T., Real Time Bispectral Analysis of Gear Noise and its the population, and can operate over the frequency range of interest. This is
SASAKI, K. and Application to Contactless Diagnosis. J.A.S.A. Vol. usuallythe midand high frequency range above 500Hz, but may vary some-
NAKAMURA, Y.: 62. No.2. August 1977. pp. 383 -- 387. what depending on the use to which the results are put e.g. industrial screen-
WEICHBRODT, B.: Mechanical Signature Analysis. A New Tool for Pro- ing or audiological research. The nominal normal threshold must be referred

duct Assurance and Early Fault Detection. G.E.C. to some universally adopted standard so that valid comparisons between audi-
(U.S.A.) Report No. 68-C-197, 1968. ograms can be made.

ZAVERI, K.:           Acoustical Investigation of an Impact Drill. B & K
This means that the instrument must be capable of calibration to ensure

Technical Review No.3 -- 1974. pp. 3 -- 25.                 "    thatthis absolute threshold, defined in ISO 389 as the Standard Reference
zero, is correct, ln addition, tests in an industrial environment must be easy
for the operator to administer, and simple for the subject to understand and
perform. For these purposes a limited range pure tone instrument having 7
fixed frequencies at 500Hz, 1, 2, 3, 4, 6, and 8kHz is normally employed.

5.4. AUDIOMETRY                                                                The pure tone may be either continuous or pulsed, a technique which makes           I~,
it much easier to distinguish from the background noise which exists to a

Audiometry is the process of determining the hearing threshold, i.e. the greater or lesser extent in any industrial environment. In any case care
minimum sound pressure level which induces the sensation of hearing at a should be taken to site audiometric test equipment in quiet areas, or failing
specified frequency. Industrial Health schemes often include audiometric this to provide some sort of sound reducing booth to lower the ambient noise
tests as an integral part of hearing conservation programs. Such programs us- to an acceptable level, typically as indicated below. 03
ually require that people working in particularly noisy environments are
tested both before and at regular intervals during their employment in such
areas. The purpose of the initial test is to define the pre-exposure hearing Octave band center Maximum octave band
sensitivity and if possible identify any worker with hearing peculiarities or Frequency levels (dB) re 20#Pascals Iwhose hearing is particularly susceptible to noise-induced damage. Those
who need specialist treatment can be given it, and those with easily damaged 500 40
hearing can be employed in quieter occupations. At the same time the indus- 1000 40
trial health team obtains pre-exposure thresholds with which to compare 2000 47
each employee’s subsequent audiograms. This may be of crucial importance 4000 57
if, for instance, a claim for industrial injury is later made on the basis of a 8000 67
loss of hearing. A pre-employment screening is the only way to determine .
whether a claimed hearing loss was indeed caused by the current employ-
ment, or by some previous exposure, illness, or physical damage.

There should also be no pure tones audible in the test area. Too high a
After the initial test, an audiogram should be taken at regular intervals to background noise level leads to the definition of a false threshold in excess of

determine the effects of the noise exposure on the employee’s hearing thresh- the real one, indicating a hearing loss where in fact there may be none. For
old. Any subsequent changes in hearing sensitivity can then be rapidly recog- this reason it is prudent to include a small safety factor in the limits of the
nised and the affected worker either treated medically or transferred to work table of, say, 10dB, to allow for possible future increases in the backgr.ound
in less noisy areas, and interruptions from intrusive noises.
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.~,Lum ~HTmem do Both ears are tested in succession, and a 1 kHz retest is carried out automati- ~o
-lo =_, ~lll,,=lhl .L ... ,~IU~I,.. ., .,. M=|. .ll JIl.,~-10 cally at the end of the procedure as a check.

¯, .-,, -"v~ Typical audi0grams of a young person with good hearing and of an olderlo +o
person with substantial hearing loss, are reproduced in Fig.5.4.1. The hear-

2o 2o, ing loss at high frequencies is apparent in the older person and can just be
3o 3o detected in the younger at 8 kHz. A 20 dB attenuator, ZA 0024 is available to
¯ o .... +o alter the measuring range from the normal --10dB to 90dB Hearing Level
~o 6o to the range --30dB to 70dB Hearing Level. Valid measurements can be
6o ~o then made on people with exceptiona~ly good hearing. Charts are available to

7o 7o correspond with either range.

~o ..... oo The audiometer calibration should be checked at regular intervals of a
~o ,~ ~o week or less to ensure that the absolute threshold levels lie within accept-

able tolerances. This can be done using a standard sound level meter coupled
.+.,.u,+~ ’mere ~o to the earphone via an artificial ear.dO 600 100012000 ~O01400Q 6000!8000

r~o 1000 2000130004000 6000!80001000

o .I I~m~ o The sound level meter indicates the level which is present in the coupler of
,o All J

3o III 3o
40 40

60 50

70 70

80 80

90 ~,~ 90

~
.l~l~w’" . ~l the artificial ear at the different frequencies for a test level of 90dB Hearing
~-"i’t~ lira +,",w Level (HL). The instruments necessary to carry out this procedure, which can

~vnw be accomplished in only a few minutes, are shown set up in Fig.5.4.2.
I" I,.I I I

iIA~I

’I

Fig.5.4.1. Typical Audiograms
a) Young person
b) Older person

The criteria for an instrument suitable for industrial use can be best met by
an automatic recording audiometer such as the Type 1800, supplying a pulsed Fig.5. 4.2. Automatic Recording Audiometer Type 1800 and calibration equip-
pure tone which is under the control of the subject via a handheld switch, ment
The switch operates an automatic attenuator which controls the sound level
emitted by the earphones worn by the subject. By pressing the switch when
he first hears the tone and releasing it when he can no longer do so, his
threshold is automatically plotted on a pre-printed chart suitable for documen- Selected Bibliography
tation. This is done continuously without the intervention of the operator, al- BERRY, 8.F.: Ambient noise limits for audiomtry, NPL (England)
though facilities are provided for the operator to overide the test manually if Acoustics Report Ac 60, 1973
this proves necessary e.g. if the subject has not fully understood the instruc-
tions. The frequency of the test tone is changed automatically after a fixed BRYAN, M. E. and Industrial Audiometry. University of Salford Audiol-
time interval long enough to establish the hearing level at that frequency. TEMPEST, W.: ogy Group.
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BURNS, W., Hearing hazard from occupational noise: Observa- British Journal of Published by The Royal National Institute for the o~°

ROBINSON, D.W., tions on a population from heavy industry, NPL Audiology: Deaf, 105 (Sower Street, London WClE 6AH, Eng-

SHIPTON, M.S. and Acoustics Rep~ort Ac 80 Jan. 1977 land

SINCLAIR, A.:

HIRSCHORM, M. and The effect of ambient noise on audiometric room se-
SINGER, S.: lection, Sound and Vibration, Vol.7, No.2 1973, pp

18-22

LE.C.: 177 (1965). Pure tone audiometers for general diag-
nostic purposes. 5.5. MEASUREMENT AND ANALYSIS OF TRANSIENT SOUNDS

I.E.C.: 178 (1965). Pure tone screening audiometers.

I.E.C.: 200 (1966). Methods of measurement for Ioudspeak-
Special techniques are required for the measurement and analysis of acous-

tic impulses and transient pressure changes, and also for evaluation of their
ers perceived loudness, annoyance, or hearing damage risk. Gun shots, impacting

I.E.C.: 303 (1970). /EC provisional reference coupler for the bodies, explosions, and sonic booms all fall within this category. The difficult-
calibration of earphones used in audiometry, ies encountered with these signals stem mainly from the fact that they often

I.E.C.: 318 (1970). An IEC artificial ear, of the wide band contain high spectrum levels at low frequencies, are usually non-repetitive
type, for the calibration of earphones used in audi- events, and are of very short duration. "rhe first of these characteristics neces-
ometr¥, sitates use of systems which have a frequency response down to virtually

I.E.C.: 389 (1975). Acoustics standard reference zero for
DC. However, because the levels in the important hearing frequency range

the calibration of pure-tone audiometers, are often very much lower than those at low frequencies, a very large dy- 03
namic range is required if valid information is also to be obtained over the sig-

NILSSON, R., Noise exposure and hearing impairment in the ship- nal’s entire frequency range. Usually this can only be achieved by splitting
LIDEN, G., and building industry. Scand. Audiol. Vol.6, No.2, 1977, the signal into two, or perhaps more, frequency ranges, and recordi~lg each
SONDEN, A.: pp.59-69 on separate channels of a multi-channel recorder. 03
ROBINSON, D.W. and A comparison of self-recording and manual audiom-

WHITTLE, L.S.: try. J.S.V. Vo1.26 No.1 1973. pp.41-62 The second characteristic, non-repetitive nature of the phenomena, places
great importance on the ability of the system to capture the signal whenever

D.W., Audiometry in Industrial Hearing Conservation --1, it occurs. There will often be no advance warning, and the repetition of an TROBINSON,
SHIPTON, M.S., and NPL (England) Acoustics Report Ac64, 1973 event may be expensive, as in the case of say, a sonic boom experiment, or
WHITTLE, L.S.: perhaps impossible, in the case of demolition by explosives. Thirdly, the short

SHIPTON, M. S. and Ambient Noise Limits for Industrial Audiometry. NPL duration of the signal introduces problems into the subsequent analysis. The

ROBINSON, D.W.: England. Acoustics Report AC 69 April 1975. following discussion, using a gunshot and a clicking toy as examples, illus-
trates these points. Fig.5.5.1 shows a measurement and recording arrange-

SPOOR, A, and Spread in hearing-levels of non noise-exposed ment consisting of a special low frequency microphone and FM Carrier Sys-
PASSCHIER-VERMEER W.: people at Various ages, Int. Audiol. Vol.8, pp.323 tern Type 2631 connected via a measuring amplifier and high-pass filter to

SPOOR, A.: Presbyacusis values in relation to noise-induced hear- an FM Tape Recorder Type 7003. The purpose of the extra amplifier and high-

ing loss. Int. Audiol. 1967, Vol.6, pp.48 pass filter is to split the frequency spectrum of the impulse into two regions,
in order to obtain a greater dynamic range than would be possible on a single
channel. The higher frequency components of these signals may be lost in

Journals the tape noise if the high spectrum levels at low frequencies are accommo-
Scandinavian Published by the Almqvist & Wiksell Periodical Com- dated on the same channel. This refinement becomes extremely important
Audiology: pany, Stockholm, Sweden when recording explosions and sonic booms (see Sec. 6.3). The choice of fil-

Acta Oto-Laryngologia Published by The Almqvist & Wiksell Periodical Corn- ter cut-off frequency depends on the duration of the transient, the shape of

party, Stockholm, Sweden the frequency spectrum, and the purpose for which the data is required.

179
178



trum Analyzer Type 2031, which has extensive trigger facilities for capturingHigh pa~ filter Tape Recorder 7003 transient signals. Apart from automatically performing narrow band analysisMicrophone 4147
~ in a number of ranges, the instrument also displays the captured transient

C~rriar and allows averaging of a number of events to produce a well-defined spec-System
Haad trum. In this case the instrumentation arrangement of Fig.5.5.3 was used to

analyse the transient sound directly, although recordings from the set up of
Fig~5.5.1 could have been used had that type of data collection been.appropri-
ate to the application. The trigger level of the 2031 was arranged a little be-

Microphone Carrier lOW the expected maximum level of the gunshot, and the after trigger delay
System 2631 set to begin recording just before the trigger point, This ensures that the en-

tire event, including the initial pressure rise and any pre-triggering signal, is
Fig.5.5. I. Instrumentation system suitable for recording acoustic impulses retained.

The gunshot signature was thus captured, displayed directly on the screen,The gun used here as a transient source was fired in an anechoic chamber
and a permanent trace of the waveform obtained from the Level Recorder.to be sure of a well defined signal. If the time of occurrence of the signal is
This time history, and the 0 to 20 kHz frequency analysis produced from it,not under the control of the experimenter or is not well defined, the Digital
are reproduced in Fig.5.5.4. The extremely short rise time, square pulseEvent Recorder Type 7502 described in section 4.7 can be incorporated in
shape, and rapid decay of the signal in the anechoic conditions of the cham-the system. The trigger facilities of this instrument can be used to capture
ber, can be seen clearly in Fig.5.5.4(a). It should be noted that the amplitudethe signal prior to tape recording it and the wide range of record/display
scale of the signal signature is linear.rates improves the overall flexibility of the measuring system. Once recorded,

the signal can be analysed sequentially using the instrumentation of
The scale of the time history on the visual display of the 2031 may be ad-Fig.5.5.2. A tape loop containing the transient is played through a Hetero-

justed, so that either the entire length or approximately one-third of it fillsdyne Analyzer Type 2010, and the peak value of the filtered output is de-
the screen width. In the expanded mode the signal can also be moved acrosstected by the Measuring Amplifier Type 2607, which has a very fast peak de-
the screen to enable all parts of the record, not just the beginnin%tection circuit. The resulting spectrum is recorded on the Level Recorder. The
viewed in detail. This is especially useful when viewing transients whichTape Signal Gate Type 2972 serves to gate out the tape splice noise, and
have very short duration or which contain high frequencies. As an example,also resets the peak detection circuit of the measuring amplifier.
a photograph of the screen display of the impulsive noise produced by a click-
ing toy is reproduced in Fig.5.5.5 in both normal and expanded modes. ByAn alternative and much faster method is to use the Narrow Band Spec-
measuring the wavelength of the chief components of the signal using the
calibrated electronic curser, its dominant frequency was estimated to be be-

Control signal for resetting Measuring Amplifier 2607 tween 4 and 6 kHz. A Level Recorder trace of the frequency spectrum of thispeak detector

Tape Recorder I
with Tape Loop Cassette I

--

7003 I "’~ ~ ~- ~
/

Microphone
~ - ~ 4147 ---- - ~ -

H’eterodyne Analyz~’r Level Recorder 2307 /Narrow Band Level Recorder
-~ 2010 FM Spectrum Analyzer 2307L. __               j                                                                                                      2631                 2031

Trigger Signal

Fig.5.5.3. Instrumentation for the rapid automatic analysis of transient sig-Fig.5.5.2. Instrumentation suitable for the frequency analysis of single im-
pulses by sequential filtering nals
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COLES, R.A. and Hazards from Impulsive Noise. Annals of Occupao
RICE, C.G.: tional Hygiene Vol. 10. 1967. pp. 381 w 388.
DYM, C.L.: Sources of Industrial Impact/Impulsive Noise. Noise

Control Engineering Vol. 8. No.2. March-April 1977.
pp. 81 -- 87.

6.    NOISE IN THE COMMUNITYFIDDEL, S.,           The Noisiness of Impulsive Sounds. J.A.S.A. Vol.
PEARSONS, K.S.,     48. No.6. 1970. pp. 1304-- 1310.
GRIGNE’I’i’I, M. and
GREEN, D.M.: 6.1. MEASUREMENT AND CONTROL OF NOISE FROM ROAD TRAFFIC
McROBERT, H. and Damage-risk Criteria: The trading relation between in-
WARD, W.D.: tensity and the number of non-reverberant impulses. Extensive surveys carried out in many of the developed countries have iden-

tified traffic as the most widespread and annoying source of noise. Annoy-J.A.S.A. Vol. 53. No.5. 1973. pp. 1297 -- 1300.
ance has been shown to be dependent on such factors as previous noise

SOLAINI,A.V.: Impulsive Noise- A brief review. TRRL Supplemen- exposure, class, and the general quality of the environment i.e. socioecon-
tan/ Report 85 UC. Transport and Road Research Lao omic factors. Research carried out to identify the relative annoyance of differ-
boratory 1974. ent types of noise has shown that, for a given level, the noise produced by

B.O.H.S.: Hygiene Standard for Impulsive Noise from the Corn- traffic is rated as more annoying than that from, for example, aircraft and
mittee of Hygiene Standards of the British Occupa- trains. Because of the increasing number and usage of road vehicles, the indi-
tional Hygiene Society. Annals of Occupational Hy- cations are that, unless increasingly stringent measures are taken to control
giene Vol. 19. pp. 179- 191. it, the intensity of traffic noise will continue to increase steadily well into the

forseeable future. It is this widespread occurrence an~l the particularly annoy-
ing nature of traffic noise that has encouraged many industrialized countries
to introduce legislation in an attempt to reduce it, or at the very least to keep
its rate of increase under some sort of control.

These controls have taken many forms, such as limiting by law the amount
of noise individual vehicles may produce under rigorous test conditions, zon-
ing and road planning to separate traffic and noise-sensitive areas, and the
introduction of one-way systems to improve traffic flow. Prediction methods
for the noise from freely flowing traffic have been well established for some
time and recently much attention has been concentrated on the difficult prob-
lem of developing similar methods to be applied to the congested traffic condi-
tions more normally found in city centres. The intermittent nature of the
noise emissio.n, the relative importance of acceleration and braking, and the
different effects of junctions, traffic controls and roundabouts have yet to be
combined into a prectical even/day method of noise prediction. The effects of
one-way systems, for example, may be to alter the traffic flow to such an ext-
ent that any improvement gained by reducing acceleration and braking noise
may be more than offset by encouraging an increase in both traffic volume
and average speed.

When considering traffic noise, a careful distinction should be drawn be-
tween the emission from individual vehicles and from the traffic stream as a
whole. This is because the peaks in the long term noise level defined by the
L1 or Llo are due to the passage of individual vehicles in the stream acting
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Value
90 Measured traffic flow 2200 veh/h Vehicle category expressed

in dB(A)
80

~ Vehicles intended for the carriage of passengers and comprising
~= 7o not more than nine seats including the driver’s seat. 82

-~ Vehicles intended for the carriage of passengers comprising more
~- ~" ~- than nine seats including the driver’s seat, and having a

permissible maximum weight not exceeding 3,5 metric tons.         84
5O

Vehicles intended for the carriage of goods and having a
~ t ~ ~ permissible maximum weight not exceeding 3,5 metric ton~ 8440 10 20 4~ 80 160

Distance from Carriageway (rn) Vehicles intended for the carriage of passengers, comprising more
than nine seats including the driver’s seat, and having a
permissible maximum weight exceeding 3,5 metric tons. 89

Fig.6. I. 1. Attenuation of Traffic Noise with distance for various values of LN Vehicles intended for the carriage of goods and having a
(after Langdon and Scholes] permissible maximum weight not exceeding 3,5 metric tons. 89

as point sources. The peak noise therefore decays in a rather similar manner Vehicles intended for the carriage of passengers, comprising more
i.e. by approximately 6 dB per doubling of distance, as one moves away from than nine seats including the driver’s seat, and having an engine
the road. However, the "background" level, defined as say L9o, contains sig- power equal to or exceeding 200 HP DIN. 91
nificant contributions from a greater number of vehicles more distant in the Vehicles intended for the carriage of goods or materials, having
traffic stream, and therefore acts more as a line source, attenuating by only an engine power equal to or exceeding 200 HP DIN and a
about 3 dB per doubling of distance. See Fig.6.1.1. permissible maximum weight exceeding 12 metric tons. 91

Whereas the entire traffic stream, and therefore its noise, is to some ext-
ent under the control of planning authorities in terms of position, gradient, Fig.6. 1.2. European communities directive concerning maximum permissible
shielding, composition and volume, the individual vehicles are not. Their noise limits for new vehicles
noise output depends on less controllable factors, such as driving style, vehi-
clecondition, andtheir original design noise level. A long-term educational
program appears to be the only way that attitudes towards noise can be Both the American and International recommendations for the assessment
changed and the first two factors eliminated. Only the design noise levels of noise from individual moving vehicles have been based on the maximum
can be significantly effected by regulations and most countries are now en- drive-by noise level in dB(A). Good correlation between this and subjective re-
couraging manufacturers to produce quieter vehicles by imposing design li- sponse has been demonstrated except for some classes of vehicles, espe-
mits which become more stringent as time proceeds. Currently allowable cially motorcycles, which are rated as particularly disturbing for a given maxi-
noise levels within the EEC for a wide range of vehicles are shown in mum noise level. Much of this work was carried out ten years or more ago
Fig.6.1.2. and this difference may no longer be as significant as it was. Although no re-

cent extensive measurements are available, multiple cylinders, better silen-
The intention is to lower the limits progressively as decreases in acoustic cing and higher engine speeds have led to a lessening of the impulsive na-

emissions are made possible by improvements in design and technology. One ture of noise from earlier motorcycles which was thought to be an important
noise-conscious city in the U.S.A., Chicago, has set out the schedule shown factor in producing increased annoyance.
in Fig.6.1.3 for vehicular drive-by noise emission up to 1980; measured at
15 m (Twice the distance adopted by the International Standards Organisa- The ISO procedure is to accelerate in a standard way past a microphone
tion and in Europe. Approximately 6 dB should be added to these figures to set up at a height of 1.2 m and at a defined distance from the path of the ve-
compare them with the ISO or European criteria.) hicle. "[he test region should be on flat ground of at least 50 m radius’, the
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Vehicle category Date of construction Maximum limit line AA, the throttle should be opened fully and maintained in this position
(dBA) until the rear of the vehicle has reached the line BB. At least two measure-

ments should be carried out on each side of the vehicle and the report should
Before 1 January, 1970 92 contain all relevan~ details of the vehicle such as loading, power rating, ca-After 1 January, 1970 88 pacity and engine speeds.Motorcycles After 1 January, 1973 86
After 1 January, 1975 84 The measurement of noise from traffic streams is a rather more complicatedAfter 1 January, 1980 75 affair, expressed in a variety of units in use in different countries, and often
After 1 January, 1968 88 involves statistical analysis and integration procedures. To demonstrate theVehicles heavier After 1 January, 1973 86 general methods and techniques, and to illustrate .typical results from differ-than 8 000 pou.nds After 1 January, 1975 84 ent types of road, traffic noise measurements were carried out in a heavily
After 1 January, 1980 75 trafficked main thoroughfare in central Copenhagen and a motorway on the
Before 1 January, 1973 86 outskirts of the city.

Private cars and After 1 January, 1973 84
other motor vehicles After 1 January, 1975 80

After 1 January, 1980 75 Short term traffic no[se measurements

Fig.6. 1.3. Chicago’s gradually tightening standards for noise emission A totally portable Measurement system was used, consisting of a Micro-
phone Type 41 65 and Preamplifier Type 2619 connected directly to a Noise

centre 20 metres of which should "be a hard surface such as asphalt or con- Level Analyzer Type 4426 which also supplied the microphone’s power. The
microphone was protected from wind-generated noise by a windshield whichcrete. It should be free of reflecting obstructions, have a noise-free surface, a

low ambient noise level, and wind and bystanders must not be allowed to in- is especially important in traffic noise measurements where significant air
fluence the measurements. The test site should be as in Fig.6.1.4 and the ve- currents can be generated by large, fast-moving vehicles. Two output devices
hicle should follow the path CC. It should be driven in second gear (or third were used in order to provide results in both numerical and graphic form.
gear if it has more than 4 gears) at a speed corresponding to 3/4 of the maxi- These were the Alphanumeric Printer Type 2312 end Portable Level ~ecor-

der Type 2306 respectively. A diagram of the equipment used is shown inmum engine speed or 50km/h, whichever is the lowest. On reaching the
Fig.6.1.5. The procedure for both measuring positions was the same, the mic-
rophone was mounted on the tripod at a distance of 1.2 meters above the

MICROPHONE ground and a suitable distance from the carriageway. In the case of the mo-
A POSITION torway this was 1 5 meters, but in the restrictions of the city centre this had

to be reduced to only 5 meters, a problem typical of practical urban noise
measurements where ideal measuring conditions are rarely obtained. The

,5 m

10 m                10 m       ~

Microphone 4165 ~
- Preamplifier 2619

C C ~ Noi=e Level Analyzer / Level Recorder
7,5 m

~

4426

t

2306

MICROPHONE Alphanumeric PrinterA                               POSITION                                 B                              2312
7703~2I

Fig.6. 1.4. Test site for moving vehic/e test recommended by /.S.O.                          Fig.6. 1.5. Portab/e instrumentetion for traffic noise measurement"



~20                                                               L~ = 70,2 dB (A)~

L~ = 72,0 dB(A)~

Fig. ~. I. ~. Typical Traffic Noise time histories ~25~
a) Gothersgade. City Centre

L~ = 70,4 dB(A)~bJ The He/singer Motorway

4426 was then calibrated by a Sound Level Calibrator Type 4230 which sup-
plies a 94dB pure tone at 1000Hz.

A representative period of noise was first recorded directly onto the por-
table level recorder at each measurement position and tape recordings were o
made in parallel in order to carw out further detailed analysis in the labora-
tory. The noise level time histories of Fig.6.1.6 clearly show the different na- ~20 14,10-14,~

-- L~ = 71,5 dB(A)~ture of congested and freely-flowing traffic. The former varies far more in le-
vel and contains the occasional high peak caused by an accelerating vehicle.

~10The latter is less peaky, both because each individual vehicle is travelling at a - - ~ ~ __Probabiliw den=ity~
steady cruising speed, and because the time interval between successive ve- ~s ~ ~ ~plo~ for traffic~
hicles in the traffic stream is relatively short. These ~o factors combine to
produce the almost steady noise typical of moto~ays, which is heard as a
rushing sound close to the carriageway but which becomes a deep rumble far Fig,6. 1.7. Probability distribution plots for traffic noise in a busy city street,
from it as the selective absorption of the atmosphere takes its toll of the high taken at 10 minute intervals over a 40 minute period
frequencies in the spectrum.

The distribution histograms of Figs.6.1.7 and 6.1.8, from the 10 minute
At each site a series of 10 minute samples was analyzed by the 4426, and ~mple measurements of congested and freely-flowing traffic respectively,

both the probability and cumulative distributions were recorded directly clearly demonstrate another difference between them. The motorway noise
onto the 2306. Some of these plots are reproduced in Fig.6.1.7. In addition distribution is symmetrical in a narrow range of noise levels, but the ciW cen-
the 2312 could be activated to print out, in numeric form, pre-programmed tre distribution is skew over a wider range and also varies significantly.from
information from the 4426. sample to sample.
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The cumulative distribution of a set of noise samples may also be output, D~t..}~i
either via the printer by suitably programming the 4426 or graphically via the [:) ~11~ ~t

portable level recorder as in Fig.6.1.9 allowing any value of LN to be quickly
obtained. The programming facilities of the 4426 allow a wide range of par- D~i34
amerces to be output at time inte[v~ls which may be ~et onthe p~inteffs front
p~nel. The day and time may also be preset on the internal ~loek and subse-
quently printed at the head of the data at the requested time intervals. The DEI4~I
sound level, number of accumulat@d samples, Leq, any value of LN from I to

D~i4~ Fi[IB=~:)FiFi £~.~
EIEiE:;~::] ~ji [] E: ::=: iZi h]l #i ~Zi:-~

99, and the distribution and cumulative distribution can all be obtained by .....
suitable programming of the Noise Level Analyzer. An example of a ~pical
output from the traffic noise measurements can be seen in Fi0.6.1 .I0, giving
a complete analysis of the noise environment, including several important ~~"~
units and the distribution of the samples,at I0 minute intervals throughout
the day. The instrument may be interrogated via the front panel controls to Fig.~. I. 10. Example of Noise Level Analyser data printed out using the AI-
check on the progress of the measurement at any time during the aquisition phanumerie #rin~er
of data without inte~ering with the stored values.

A full frequency analysis, either of a single vehicle drive-by or the traffic
stream as a whole, can provide much useful information about the chief

O00OO0000O O00O OOO OOO000 O0000 OOOO O O O00000 O~O00OOOO0
sources of noise, as well as its potential to annoy. S~uential analysis of re-

~" ~ ~ ~-~ ~L-~ = ’62 0 dB(A):~m61ative diitributio~ plot for traffic:
~ ~ :~ ;:~: ~--[~ ~in Gothe~de t=me 13,40- 13,5C             presentative perils of data in octave or third octave bands is, unfortunately,

’ ’ F’" ~ ~L~ = 70,2 dB(A)~ an extremely long and tedious process involving perhaps 30 or more passes
~£ ~~;--F-F .....

f---kLS0:Sg’OdBlA~ ’ ’1 .........
of the selected sample through the filters necessa~ to cover the frequency

~ ~--~ : :: ,~ 1 L~ I I~.[.:~ ~ range of interest. As a peri~ of even ten minutes may be considered small
~ ~~ .........

~ L [-~Li0J’73,~’d~~,~[: ’ ~-: --~ many hours of analysis time. Sequential filtering techniques are therefore.~
in statistical terms when considering traffic noise, we are talking in terms of

0       ~ li = "= I~      I.~ ~ I ~    ~1 ~1 ..., ~..~’ ..~1 ,.~’;..I "I ~ I ~o ( ~     ~o     m     m     m    ~m    ~ ~*~ ~m~                more suitable for application to short events or steady noises.

Fig.6. 1.9. Cumulative distribution plot for traffic noise in a busy city street The advent of the real-time or parallel analyzer has made practicable the
(compare with Fig.6. 1.7 for the same time interval) analysis of non-steady noises into octave, third octave and narrow bands

the time it takes to collect the data, either directly or from a tape-recorded sig-
nal. The data in this case came from recorded measurements made at the
same places and times as the analyses discussed above, using a Direct Re~or-
der Type 7004. A calibration signal was recorded in the normal way and the
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Microphone 4165 Digital Frequency Analyzer
.................                    2131 i :!Preamplifier 2619

",:
’,

1/3 oct. Analyzia of traffic noise on Helsin
mln.)

Tape Recorder Levei2307RecorderType 70(N

Fig. 6. I. 11. Instrumentation for the real-time 1/3 octave analysis of road
traffic noise

input controls of the Digital Freqdency Analyzer Type 2131 adjusted to call- -

brate from this signal. Permanent records of the spectra displayed on the
screen were obtained via a level recorder, directly connected to, and call- -,~;’.
brated with, the analyzer. The instrumentation is shown in Fig.6.1.11 and le-
vel recorder charts of the short term average spectra of both congested and
freely flowing traffic streams are reproduced in Fig.6.1.12. These clearly -~0~:
show the different characteristics of the two types of noise. The motorway
noise example has a well-defined maximum in the 63 and 80 Hz third octave = o,_~===~:~:~
bands, which represents the firing frequency of the majority of vehicles at
cruising speed, and a general high level around 1 kHz which is due in the ==o
main to tyre and wind noise. The congested traffic spectrum also has a maxi-
mum caused by the engine firing rate but it is at a lower frequency, as one
would expect from the generally slower traffic speeds, and is wider because

Fig.6. I. 12. I/3 octave analysis of traffic noisethe range of engine speeds of a sample of vehicles during acceleration and a) Freely flowing motorway trafficbraking is greater than at cruising speed. Of particular note is the total ab-
b} Congested City traffic

sence of the other peak of energy distributed around 1 kHz. At the relatively
low speeds typical of town traffic the contribution to the spectrum from tyre
and wind noise is very small, although tyre noise becomes more prominent if Measurement of singlo events
the road surface is wet.

One of the advantages of the Leq measurements used in many countries is
that it provides a method of rating the overall noise environment by the addi-
tion of the constituent events. A convenient way of characterising these indi-
vidual events is to express them as LAX, the level which if maintained for a
duration of one second would cause the same A-weighted sound energy to
be received as the event itself. Leq and LAX are dealt with in greater detail in
Chapter 3.
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6.2. AIRCRAFT NOISE MEASUREMENT Noise Burden, of course, can manifest itself in a variety of easily measured ~o
ways such as decreased property values, the cost of insulating against the

The determination of noisiness and annoyance caused by exposure to air- noise, and interference with work, which can be assigned actual monetary
craft noise has been the subject of a considerable period of extensive rese- values.
arch, which has generally fallen into one of the following two main areas.

The Air transport industry has expanded rapidly during the last few de-
Firstly, measurement units which accurately describe the noisiness or an- cades in terms of both the total number of aircraft movements and the geog-

noyance caused by an individual noisy event have been determined both in raphical regions which are served. In order to carry the increased number of
the laboratory and in the field following judgement tests using panels of lis- passengers economically, larger and faster aircraft have been developed with
teners. These experiments were usually in the form of paired-comparison increased engine power. All these factors, increased movements, more air-
tests carried out by judging the noise to be rated against a reference sound, ports, bigger, more powerful aircraft, have combined to produce high noise le-
Both noises were usually presented by loudspeakers in laboratory experi- vels and spread the effects even further from the airport boundary. It is only
ments, but a second aircraft was used as a reference source for the judge- in recent years that the advent of the high-by-pass-ratio fan jet engines now
ment of actual aircraft flyovers. Good agreement between the actual and la- installed in the new generation of wide-bodied aircraft has began to reverse
boratory tests was observed, and one of the interesting subsidiary facts this trend, following a period of only mild success with the noise-abatement
which came out of the work was that people appeared to be consistently less operating procedures and retrospective engine/nacelle modifications.
tolerant of aircraft noise heard indoors than they were of the same noise
heard outdoors by approximately 20dB, the attenuation typically provided by The aircraft noise problem falls naturally into 3 main areas, the sound
the structure of a house, power of the aircraft as source, the operating procedures which restrain that

source, and the planning of new, or the extension of existing, airports¯ The
Secondly, measurements have been made of the long-term noise exposure first two areas are under the control of national or international regulations to

of overflown populations, carried out in the surrounding area. The reaction of which every new, or significantly modified aircraft type must be tested, the
the population was related to their measured noise exposure via a wide selec- type certification test. This very closely defines the operations to be carried
tion of derived units of various complexities, some of which have been briefly out, the condition of the aircraft, the positioning and specification of the mea-
described earlier in section 3.7¯ This work resulted in the definition of corn- suring equipment, the atmospheric conditions and a wide variety of otr’,er par-
munity noise limits for residential areas near airports, take-off noise limits for ameters known to affect noise generation and propagation. A large volume of
individual aircraft operations and also led to the introduction of type certifica- subsidiary information is required to normalize noise measurements to stand-
tion tests for new aircraft. This latter procedure effectively attempts to reduce ard operating and atmospheric conditions, a procedure necessitated by the
the source noise of new aircraft types by stimulating improvements in engine vast differences between international airports in such parameters as tempera ~._
design and encouraging the use of noise-reduction measures, ture, pressure and humidity. These have important effects on engine perfor-

mance and sound propagation through the atmosphere and therefore on the I
Only conventional fixed-wing aircraft were originally included in the Interna- " intensity of noise received at the ground measuring station¯ A brief descrip-

tional Standard for these measurements, but recent changes have been tion of the procedure is given later in this section, but it is imperative that be-
made to include other flight vehicles, including helicopters, although it is spe- fore any work of this type is carried out, a detailed study of all the relevant
cifically stated that the impulsive noise which is a feature of some rotorcraft documents is made to ensure that the mos{~ recent methods of calculation
cannot be adequately rated by the normal methods, and measurement are fully understood and utilised.

Other recent developments in the aircraft noise field include a new rating An internationally accepted standard for aircraft noise certification is, be-
unit which has been proposed as a planning tool for the purpose of compar- cause of the world-wide nature of aircraft operations, of great importance in
ing the noise from both existing and new airports, although it could be controlling aircraft noise at source and providing standardised information to
equally applicable to the sites of other noisy activities. The procedure at- planning authorities at other airports and in other countries. This data can
tempts to relate the noise nuisance caused to the residents in the vicinity of then easily be used locally after applying the appropriate corrections for the
an airport to its benefits to the community as a whole. Effectively then, this airport concerned. At existing airports, the effects on noise exposure of air-
is a measure of the efficiency of the airport operations in terms of the noise port extensions, the introduction of new aircraft, and changes to operating
nuisance which it generates, expressed in man-days of serious noise nui- procedures, can be determined. Alternative sites for new airports can be as-
sance per airport passenger, and called the Noise Burden Factor (NBF). The sessedfor their comparative environmental impact and for the planning of

200 201



land usage in their vicinities. In this way the conflict between aircraft opera- phone protected against wind noise by a suitable shield. Approximate values
tions and acceptable living conditions, which has grown up with many of the of peak perceived noise level can be obtained from simple A or D-weighted
long established airports, can hopefully be avoided at the planning stage in fu- sound level meter readings by applying the relevant correction factors. How-
ture. ever, an unwejghted recorded signal can be analysed later in the laboratory

to yield very much more information about the flyover, such as the continu-
The second noise control area arises directly from this consideration: noise ous variation of level and or spectral content with time. These are required

monitoring around an existing airport to determine the actual exposure, on for full Perceived Noise calculations to Type Certification standards.
the ground, from normal airport operations.A suitable system may consist of
many microphones measuring simultaneously at locations around the airport, Analysis of the recorded signal may be made in several ways, the method
feeding information back to a central processing system, or individual events chosen depending on the quantity of data, the application of the final results,
recorded at specific points and analysed later in the laboratory. Either of and the complexity of procedure which can either be accepted or undertaken.
these methods can be used to compute a noise contour map in any of the If a simple approach is practicable, the signal may be either frequency
many ratings currently used to express aircraft noise exposure, weighted or sequentially filtered and the output fed to a graphic level recor-

der as shown in Fig.6.2.2. This method quickly provides time histories of the
frequency-weighted noise levels from which derived units such as Leq and ap-
proximations to LEPN can be calculated. Sequential analysis in terms of 1/3

~l~.-~Pistonphone Type 4220 ~t~ octave bands, also recorded as functions of time, is necessary if actual calcu-’. so~ lations of Perceived Noise Level complete with tone and duration correctionsWind=hield \k~lt ~
UA 0~4S ~ ~ _

are to be carried out.
~ Half-inch Conden=er Microphone

’~ Type 4134

~ _~F|exible Exten$1on Rod Tape Recorder

~ sUtaA;~c96

Type 7003 Measuring Amplifier

1,2 m Input 0007 Tepe Recorder ~

Acoustically No ob=truction to be / Precision Imput~e O.
hard turfa~:e pre~ent within this cone Sound Level Meter Band Pa~$ Filter Level Recorder

Type 2209 7~o~,~ 1B 17 2307

Fig.6.2.1. Portable Instrumentation for aircraft noise measurement and re-
cording Fig. 6.2.2. Instrumentation for the analysis of recorded aircraft noise

A typical aircraft noise measuring arrangement is shown in Fig.6.2.1. The A more advanced measurement technique has considerable advantages
diaphragm of the pressure-response microphone should be mounted at graz- over the sequential filtering and graphical recording method if large quanti-
ing incidence to the aircraft flight path at a height of 1,2 metres above an ties of data have to be handled and/or complicated calculations have to be
acoustically hard surface, and no obstruction should be present within the made. This is essential for example, when calculating effective perceived
80° cone shown in the figure. Personnel carrying out the measurements may noise levels, LEPN , for certification purposes, the procedure for which re-
themselves constitute such obstructions, necessitating the use of a remotely quires .the spectrum to be available at intervals of not more than half a sec-
placed microphone if simultaneous meter readings are also to be taken, ond during the flyover period. The quantity LEpN . which has been adopted as
There mustbe no precipitation, or winds in excess of 5 m/s at a height of the best descriptor of aircraft noise nuisance, is obtained by taking into ac-
10 m above the ground. Measurements are made with a precision sound le- count both the spectrum and the time history of the noise at each time inter-
vel meter, the system being calibrated with a pistonphone and the micro- val. This can only be achieved within realistic bounds of time and effort, by
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For each spectrum, the sound pressure level in each 1/3 octave band from
50 to 10000Hz is converted to perceived noisiness values (in noys) by
means of either a table or contours such as those shown in Fig.6.2.5. For ~1~ "’~ ~’~ ’~’~ "
each spectrum the noy values for all the 1/3 octave bands are then com-
bined according to the formula Pa~r

Writing ~ - ~ mm/s~~110
~Lo~r Limitl~ F~u~y -

N= n~,+O.15(~n-n~,) :~:1~=" ~

where nm~ is th~ ~mat~st valu~ of n
~n is the sum of the noisiness values in all the bands.

N is now eonwrted to the ~ereeived noise bveL k~, either bg means ~[ a
t~bb d numerical values or a scab such as that shown to the right of ~7~~
Fi~.6.2.E Both ~re derived from th~ [dbwin~ definin~ e~u~tbn e ~o~

~0 Io~ o N                                          Fi~.~.2.4. r~oi~ol dr~ro~ noiso ~ndgsis ~rom t~o orro~9omom d Fig.E2.3
~ ~ = 40 ~ Io~ ~ o 2                                                         ~nd ~ Hgovor timo

If the spectrum is not "smooth", i.e. a pure tone or other irregularity is pros- nique, usually computerised. The relevant standard should be consulted if the
ent, and if this is not due to spurious ground reflection effects, a correction is detailed method is required. The tone-correction (C) can be found from this le-
made to account for its increased annoyance. The identification of the irregu- vel-difference, using the relevant curve of Fig.6.2.6, which takes the tone’s
larity and the level-difference between it and the notionally "smooth"spec- frequency into account, and is added to LpN to form the tone-corrected, per-
trum is an extremely complex procedure using a two-pass averaging tech- ceived noise level, LTpN .
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Fig. 6. 2.5. Equal "Woisiness"contours Fig. 6.2.7. Typical L TPN for an aircraft flyover

The overall subjective effect of an aircraft flyover depends, however, not
A typical curve of the variation of the tone-corrected perceived noise level only on the maximum tone-corrected noise level but also on the duration of

with time is illustrated in Fig.6.2.7, demonstrating the "double-peak" effect the event. To account for influence of time, the effective perceived noise level
which often occurs and which is caused by the directional nature of the air- LEpN has been defined by the expression
craft as a noise source. The highest sound intensities are radiated both from
the intake and exhaust of jet engines as separate sources moving past the ob-
server at different times depending on the aircraft speed, altitude, direction

:^ i.~o
LTr___¢~

and orientation.
LEpN = 10/OgloIUJ 10 1o "dt
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The integration is more usually made over a time interval t2-t1, where tl~ Two main operations are of importance when considering noise around an
is the instant when the noise level first exceeds a specific value, usually airport; the take-off and the approach, and both are usually extensively mea-
taken as 10dB below the maximum, and t2 is the instant when it last dec- sured in order to be able to produce noise contours. For the take-off case
teases to below that value, measurements should, if possible, be made under the following conditions,

In practice LEpN is often expressed as the algebraic sum of LTPNrnax and a aircraft at maximum take-off weight
duration allowance, ,~PN, which is defined maximum take-off power

climb speed of V2 + 10 Knots (1 knot = 0,5144m/s) (V2 is the initial
climb-out safety speed)

T Operational take-off configuration~,PN = l O /Og l O ~ref

For an approach the aircraft should:
where Tref --’~ 10

be stabilised on a 3° glide slopeLTpN

i""10 have maximum allowable flap setting
and ~ = "z, be at maximum landing weight

10(-~-~--) have a stabilized airspeed of 1,3 Vs + 10 knots. (V8 is the stalling speed)

Sideline noise must also be measured during take-off to determine the con-
The continuous integral in this expression can be replaced by a discrete sum- tour while the aircraft is still producing maximum power on the ground. In ad-
mation if the values of LTpN are known at sufficiently small intervals, say dition, measurements of engine ground running are often made to assess the
less than 1/2 second, effect on local communities which may be distant from the normal flight

paths although near to maintenance areas.
To normalize the above measurements to standard conditions, the follow-

ing information about atmospheric and aircraft conditions is required, and Apart from the above procedure for determining LEpN , which has beer, con-
should be recorded concurrently with the acoustic data tinuously refined over a long period of time until it is now generally accepted

as the most suitable unit for describing single event aircraft noise, the I.S.O.
Atmospheric Conditions draft standard also defines .methods of a somewhat simpler nature, requiring

only frequency weighted measurements. Because of this fact they are often
Air temperature (°Celcius) l

used for community noise assessment and for airport monitoring systems
Relative humidity (per cent)

.~

Measured at a height of 10 metres which are discussed more fully later.
Wind speed (in m/s) above the measurement position

An approximate value of LEpN can also be obtained by adding 7dB to the
Atmospheric pressure at sea level maximum D-weighted sound level and by the further addition of a duration
Wind direction correction defined as follows

(t2 -- tl~Aircraft Conditions ApN = 10 log10~re~J
Type of aircraft and engine serial numbers
.Aircraft weight (in kg) where t2-t1, is the time interval between the first and last instant when the
Aircraft configuration (flap, landing gear positions) D-weighted sound level is within 10 dB of its maximum, and T ref = 10 sec-
True Airspeed (m/s) onds.
Aircraft height (m)
Engine parameters (rotational speeds, intake configuration, power settings re- In a similar fashion an A-weighted single-event exposure level LAX can
heat, etc.) be obtained from the maximum A-weighted value by the addition of a dura-
Flight path, distance and angle, tion correction defined as
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where t2-t1 takes the same meaning as above except that the A-weighted
time history is used, but ~ref = 1 second, to be compatible with other related
physical quantities such as L~.

The units may be extended to the measurement of exposure from any num-
ber of events by introducii~g the concept of equivalent perceived noise level,
LpNeq , or L~q for which the integrated energy over the measurement period
is the same as the succession of actual events.

We have           LpN~ = 10 log1 o      10(’-;~-)

270246

and Le, = 10 og, o ~ ~ Fig.6.2.8. Typical airport noise exposure contours (Noise Exposure Forecast
(NEF), after Bishop and Horonjeff)

where LEPNi is the effective perceived noise level for the ith event.
LAXi is the A-weighted single event noise exposure level for airport is reproduced in Fig.6.2.8. Although useful initially for planning pur-

the ith event, poses, these predictions are usually backed up by a system which continu- 14)
T    is the measurement period in seconds, ously monitors the noise at several locations around the airport. This has two

main functions. Firstly, a check can be kept on aircraft which infringe airport
These units of noise exposure are in addition to those described earlier in noise limits, and secondly, data can be recorded over a long time pc ’iod to ob-
Chapter 3, such as Noise and Number Index, (N.N.I.), Community Noise Rat- tain continuously updated measured noise contours and thus ascertain the ac- 03
ing, (C.N.R.), and Noise Exposure Forecast, (N.E.F.). There is therefore no tual long term effects of any noise control measures which may have been in-
shortage of available rating units and techniques from which to choose, the stituded.The publics increasing awareness of its right to a quiet environment,
decision often being made either locally by the authority responsible for noise and the sensitivity of the controlling authorities to public opinion in relation ~.-
at a particular airport, or by the complexity which a specific situation dem- to aircraft noise, is likely to lead to an increase in the numbers of such moni-
ands. toring systems in the future.

O
The State of California, for instance, prescribes the use of the A-weighted Because of the extensive complex calculations required to determine the

sound exposure level for Single Events (SENEL), Community Noise Exposure, LEpN , it is not well suited to monitoring systems except for special one-off oc-
(CNEL), and Noise Impact (NI). These regulations also define noise limits for casions such as a type certification test or for basic research. It is usual in
residential areas around existing major airports which become increasingly the case of airport monitoring systems to measure the A or D-weighted
stringent as time proceeds. Proposed new airports, however, must meet the sound levels and apply the relevant corrections to obtain an approximate
most stringent limit immediately, and land use recommendations are made val~e for LEPN . A typical basic system consists of a number of outdoor micro-
for the unacceptably noisy areas. This would be a situation in which complex phone units with weighting networks transmitting back to a central process-
methods could be effectively employed, but for smaller private airfields sire- ing station where nonacoustic data is added. This information will usually
pier measurement and analysis methods would be more appropriate, consist of the date, time of day, temperature, atmospheric pressure, wind ve-

locity, microphone location, flight number, the aircraft operation and any
Whichever units and methods are finally selected they can provide useful other relevant Air Traffic Control Data. Facilities may be included to record ac-

contours which can be used for assessment of community response or the ef- tual time histories in order to be able to carry out a full 1/3 octave LEPN ana-
fectiveness of a variety of noise abatement plans. A typical noise contour lysis on demand. The airport authority can thus identify an aircraft, causing
map of this type, showing a Noise Exposure Forecast for a large International an infringement of airport noise regulations, and at the same time amass
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6.3. THE SONIC BOOM                                                                     e)                               b)
Source Q Source Q

V=c-
The advent of regular supersonic commercial passenger traffic has intro- ~././~L_Z"’~M                                  M=o 2.

duced a new type of noise into the environment in the form of the Sonic /’K~3~-~.~’X/~ M
Boom. Although of very short duration (approx 300ms) it has a high sound
pressure level (approx 130 dB) and occurs over a large area below the overfly-
ing supersonic aircraft. Aircraft noise is thus introduced into large areas, rein- x x
ore from airports, where normal subsonic aircraft are usually at cruising alti-
tude and therefore no longer a noise problem. The extent of the boom’s "car-
pet", the distance that it can be heard on each side of the aircraft’s ground
track, and its intensity, vary with the aircraft’s height, speed, weight, flight
condition, and with the prevailing atmospheric conditions. Typical maximum d)
figures for current SST (Super Sonic Transport) aircraft are 80km (Ca. 50 i~ch Line
miles) and positive peak overpressures between 50 & 1OOPa. (ca. 1 Ibf/ft2). c) Mach Line

~’ ~ No sound radiation
Source Q                                               into this zone

Two separate effects of sonic booms, namely noise annoyance and the re-                                     i=l
sponse of buildings, became the subjects of extensive research in the late

~6
1960"S and early 1970’s when the introduction of the SST into commercial -,-

--,-x

service appeared inevitable. Military aircraft and prototype SSTs were avail-
able which were similar to the prqduction aircraft in terms of speed, weight
and cruising height, and their measured booms could be related to both the- ~ "v"~" / source O.
oretical work and to data obtained from earlier experiments which had used I

lighter aircraft, such as fighters, to generate the boom. I
Boom Ray

A sonicboom is produced by any body which is moving at a velocity greater                                                      I c
c = Local Velocity of Soundthan the local speed of sound and is independent of any noise produced by v= valodW of Body iao2~

that body. The acoustic emission of the aircraft is therefore no longer of im-
portance once it is travelling supersonically and the boom produced has ass- Fig.6.3.1. Sound propagation from a point.source
entially the same characteristic as an otherwise equivalent, unpowered pro- a) Stationary source
jectile, b) Source moving at haft the local speed of sound (v = c/2)

c) Source moving at the local speed of sound (v = c)
To explain the production, propagation, and perception of a sonic boom, let d) Source moving at twice the local speed of sound (v = 2c)

us first consider sound radiation from a point source. Fig.6.3.1a represents
the sound radiation pattern from such a stationary source. Each wave front
propagated at one of a set of equal time intervals travels at the speed of
sound (c) radially away from the source, and therefore a set of concentric in the case of subsonic flow, and pressure changes take place rapidly across
wave-fronts (spheres in the true three-dimensional case) centred on the sta- the shock front producing a sonic boom.
tionary source, are formed. If we now give the source a velocity of half the
speed of sound in direction x, then the position of the wave fronts emitted at If the speed of the source is further increased, say to twice the speed of
equal consecutive time intervals is as shown in diagram 6.3.1b. The wave sound, approximately that of present supersonic transports, the Mach Lines,
fronts directly in front of the body become more closely spaced as the velocity the tangents to wave fronts from consecutive disturbances, bend further back
of the Source is increased, until the speed of sound they coalesce to form a and extend the region into which no sound is propagated. The Mach Lines
weak local shock front, the Mach Line, perpendicular to the direction of travel form, in three-dimensions, a cone the apex of which travels along with the
as shown in Fig.6.3.1c. At this speed no-information can be communicated supersonic source and which subtends an angle of ~)= Sin1 1/M = Sinlc/V
in front of the body by means of an acoustic disturbance. The air cannot to the direction of travel, see Fig.6.3.1d, extending to the ground: The
therefore accommodate itself to the approaching body in advance as it would boom is heard by an observer as the line formed by the intercept of this cone
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..~,~ sembles the letter N and the shock wave signature thus generated is often
t Path called an N-wave for this reason. A real aircraft, however, is composed of

many shock-producing surfaces, which generate a complex shock pattern
composed of many superimposed N-waves in the near field of the aircraft.
Further from the aircraft the individual shocks merge together, eventually
forming a more recognisable N-wave, as indicated in Fig.6.3.4. At distances
far from the aircraft the N-wave becomes rounded as the high-frequency com-
ponents, which contribute to the sharp corners of the N, are attenuated by

~"vB°°~-B~’-rnet- ~//~--k-----"~/oom~ heard in th|, Zone
the atmosphere to produce the practical shape of Fig.6.3.4d. The rounded
profile and a finite rise time give rise to the dull boom typical of large high-fly-

’~ ing supersonic aircraft.
Fig.6.3.2. Boom propagation from an aircraft flying at supersonic speed

ground surface passes him. The region in which the boom can be ~ Near Fiddand the
heard, called the boom "carpet", is indicated in Fig.6.3.2, the intensity being a)
greatest directly below the flight path and reducing as one moves to either
side of it.

As mentioned previously the boom is independent of the noise produced by b)
the source, the shock "wave" being produced by the coalescence of all pres-
sure disturbances along the Mach Line. For a body moving with a velocity
greater than that of the local speed of sound, it can be shown that a rapid rise
in pressure occurs at the leading edge, as indicated in Fig.6.3.3. c) ¯

Airfoil                          d)                                (mFI ~o~lfuih~i al~t~o n )
/

Direction of + */ --
Supermnic --~-
Airttearn + -- Fig. 6.3.4. Development of the N-wave from the near to the far field

Pre~ure~ r~
For an aircraft flying supersonically at a constant speed on a straight and le-

Change | vel flight path, the boom is most intense along the ground track, falling off in
~p I I+l~~_ ,, intensity and changing in shape as one moves away to either side, see

Fig.6.3.5. If, having constrained the aircraft to straight and level flight we
also stipulate a perfect atmosphere and assume that the speed of sound va-
ries only with temperature, i.e., altitude, then the increase in the speed of
sound as the boom ray descends into the warmer lower atmosphere tends to
refract it away from the ground (see Chapter 2). Therefore, along a line to

Fig.6.3.3. Pressure distribution around an airfoil in a supersonic airstream each side of the ground track the initial boom ray angle is such that this re-
fraction prevents the boom from ever reaching the ground, as also shown in
Fig.6.3.5, and areas beyond this line will experience no booms.

The pressure gradually decreases, regaining ambient at the mid-point, and
becoming negative towards the trailing edge of the aerofoil where it in-
creases rapidly to regain ambient. The shape of the pressure distribution re-
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Measuring the Sonic Boom
Microphone

~ Rise above ground level
When an N-wave reaches the ground it is reflected by the ground and

c| |’-~ i~/~rne Wave~hape of measured

~./////////I//~2/////;

other local surfaces. Any measured N-wave will thus be composed of the ~ / .o,oboom Isum of the incident and reflected waves, see Fig.6.3.6. For this reason, the
| ~ ~_ ~t~e~v

~
International Standard for measuring sonic booms requires that the micro-

Timephone be mounted flush with the ground surface in an acoustically hard baf-
fle at least 1,5 m in diameter, and that no obstructions which may cause ref-

Fig. 6. 3, 7. Variation of measured waveshape with microphone positionlections exist which, in total subtend a solid angle of more than 0,004 stera-
dian. As shown in Fig.6.3.7a, a microphone mounted in this way will mea-
sure the superimposed incident and reflected waves, producing a pressure

Subjective Effects of the Sonic Boomsignature similar in shape but with twice the real amplitude of the incident
wave. Any deviation from this mounting method will measure a wave which

Extensive research has been carried out to determine the boom’s loudness,is of a more complex shape, formed by superimposed incident and reflected
the annoyance it generates, and building response which it causes. Loudnesswaves separated by a time interval which depends on microphone height as
has been found to vary with parameters such as the peak overpressure, riseindicated in Figures 6.3.7.b, c and d.
time, delay time, but not significantly with N-wave duration, at least within
the range 100 -- 500 ms., embracing booms produced by existing and fore-
seeable supersonic aircraft. For a given positive peak pressure the loudness
of a sonic boom, calculated from the energy spectral density of its signature

¯
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averaged over the auditory response time, has been shown to vary by up to aspect of boom response was well illustrated by the Oklahoma City Sonic ~o
25 phons with rise and delay times from 0 to 16 ms. Boom study of 1 964, rattles caused by house shaking heading by a wide mar-

gin the list of annoyance factors listed below.
Human response, however, depends on factors other than this calculated

loudness, and in order to compare the subjective effects of booms and noise
from conventional aircraft, several comparison tests have been made and

Type of Interference % annoyedshow two interesting trends. Firstly, the noise from a conventional aircraft at
about 110 PNdB was about equally as acceptable as a boom of 85 Pa nomi-
nal overpressure. Both these values are typical of present subsonic and super- House shaking-rattles 54
sonic aircraft. Secondly, annoyance was found to increase far more rapidly Startle 28
for an increase in nominal boom intensity than for a similar increase in the in- Sleep interruption 14
tensity of conventional aircraft noise. A given intensity indoors was rated as Rest interruption 14
much more annoying than the same intensity out-doors, again demonstrat- Conversation interruption 10
ing, as was mentioned earlier with regard to conventional aircraft noise, that Radio-TV interruption 6
people expect a higher degree of acoustic privacy indoors than out. However,
it must be remembered that the spectrum of a boom attains its highest levels Percent of Respondents Annoyed by Various Sonic Boom Interferences. From
at frequencies below lOOHz (a fact well illustrated by the theoretical spec- Borsky.
trum of Fig.6.3,8). This efficiently excites building structures and elements,
the vibration of which gives rise to rattle-type noises from neutrally stable or
"loose" objects around the home. These secondary noise sources appear to Most building elements and rooms have their fundamental and low bar-
be extremely annoying to residents," representing an "intrusion" into what is monic frequencies where sonic boom energy is concentrated, below 100 Hz.
considered the privacy of their own home, and also giving rise to fears, how- It is natural therefore to think that some damage might occur by setting cer- ~.-
ever groundless, of actual damage to their property. The importance of this tain building elements into resonance and thereby to cause failure. Although

there is well documented evidence that this can certainly be the case for "ar-           14")
chitectural" items such as glass, tiles and plaster, especially if old or i’~ poor

f ’~/~T condition, it has been demonstrated that the stress levels produced in major
03j ° 6 ~/oct~ structural elements of buildings can be considered negligible at the peak over-12o \

pressures normally produced by supersonic aircraft. Greater vibration, and in-
~ f ~ 1/~ deed higher noise levels,are likely to be caused by normal activities such as
-~ the slamming of doors.= I

12 d B/Octl~’e
Sonic Boom M’easurement Systems

As with any other impulsive noise, the measurement of a sonic boom
places very severe constraints on the measurement equipment in terms of

~ 4o. both frequency response and dynamic range. Although it is possible to em-
E ploy a single channel direct recorder if interest is restricted to the range of
~ 20. hearing, for most purposes an F.M. multichannel recorder will be required so

,~ that the signal can be filtered and split into two distinct frequency ranges.
From Fig.6.3.8 it can be seen that most of the energy in a typical boom of du-

o- ration 350 ms lies below 100 Hz, being concentrated round the "fundamen-0,1 0,2 o,s 1 2 ~ 10 ~0 lk tal frequency" of the boom, in this case at approximately 1/T or 3Hz. At
Frequency(Hz) 100 Hz the spectrum level has fallen by 40dB or so, already dangerously

near the dynamic range of the recorder. The important frequencies as far as
Fig.6.3.8. Theoretical sonic boom spectrum (After Johnson and Robinson) hearing is concerned are those above 100 Hz, and these will be lost i~ the
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Recording section ~ Analysis Section

.Microphone From " ~ := "= "~’’
> 1.5 m Ba~e / 4147 Ground L.,~ _~:e: I~ ~e~

Baffle Microphone 4147 High pass filter Tape Recorder 7003 ~\
~

Ground level ~_~ ~(~)~

~’~" ~ ~ H’aterodyna Analyz;r
System 2631

I

2010

System 2631
Digital Event                                       Level Recorder

| RecorderFig. 6.3.9. Instrumentation for the recording of sonic booms
.~

7502
2307

tape noise if the very high levels at now frequencies are to be accommodated
I~_.L~i ~~’~ i~i Lat the same time. - I~-::-~°~_’1~]

To overcome these problems the signal is split into two parts, one part be-
r ....... i]~1 ===-

ing fed directly to one channel ~f an F.M. recorder, and the other passed I r-.~-- "-~--~-- = I Narrow Band Frequenc~
through a high pass filter with a suitable cut-off frequency, the relevant

Ii I1\~ / /1\ /\~. /11~ I I
Analyzer 2031

I.S.O. standard in fact recommends 100 Hz, and thence to a second channel I ~i t ~
on the recorder, the gains being optimally adjusted for the signal amplitude ~ L_ .-~. _~--~-J II
within each frequency range. A diagram of the measuring arrangement is L .... ~___--
shown in Fig.6.3.9. The special 1/2" microphone and carrier system allows Tape Recorder 7003
the response to be extended below 0,01 Hz and above 10 kHz and it may also From 7502,
be advisable to utilise the remaining 2 channels, with different input attenua- 70O3or 2631
tions, in order to achieve the maximum possible dynamic range. In this way Digital Frequency
boom characteristics which give rise to effects which depend on low fre-

Analyzer 2131

quency energy content, mainly.concerned with structural response, and
Fig.6.3.10. Instrumentation for the capture, recording and analysis of Sonicthose which depend on the high frequency content, concerning human re-

Boomssponse, can be determined simultaneously for an event which may be diffi-
cult to repeat. If the boom is recorded for later laboratory analysis, it may be replayed into

the event recorder to give the same flexibility in the analysis process. Fre-
A second method, employing a Digital Event Recorder Type 7502, is often quency transformation may then be used, either to speed up the analysis or

useful for recording a short event such as sonic boom, whose exact time of to shift low frequency components into the normal analysis range of acoustic
occurrence is usually difficult to determine. A built-in trigger on the instru- instrumentation.
merit can be pre-set to capture the event when it subsequently exceeds the
trigger level. Apart from automatically capturing the event, the Digital Event Analysis of the signal in narrow bands of constant bandwidth can be car-
Recorder improves the flexibility of the recording system in a second way. tied out by the Heterodyne Analyzer Type 2010, which sweeps continuously
Having automatically recorded the boom at one of a large number of sample through the frequency range, the output being recorded on a Level Recorder.
rates, the playback rate can also be adjusted over a wide range. This enables A faster analysis may be made by the Narrow Band Spectrum Analyzer Type
the user to replay the event slowly enough to obtain a trace of the boom sign- 2031, which performs the task in real time and displays the continuously up-
ature, record the captured signal conveniently onto magnetic or punched dated spectrum on the screen. This instrument also has extensive trigger fa-
tape, or analyze the event immediately. See Fig.6.3.10. cilities (discussed in greater detail in Section 5.5) for the direct capture of
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transients, which enable it to be used as a completely independent system
for the capture, analysis, and display of sonic booms.

For some applications, e,g. loudness evaluation, it is necessary to analyze
in 1/3 octave bands, using an instrument such as the Type 2131 Digital Fre-
quency Analyzer. Its frequency range, from 1,6Hz to 20kHz, covers the
range of interest associated with the sonic booms from current and foresee-
able supersonic aircraft types.

A measured sonic boom signature, exhibiting the typical N-wave form, and
two examples from an extensive analysis using the two real-time analyses,
are shown in Fig.6.3.11. These measured spectra should be compared with
the theoretical spectrum of Fig.6.3.8.
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ZEPLER, E.E. and The Loudness of sonic booms and other impulsive Much of the noise is emitted by the heavy plant which is used to supply

HAREL, J.R.P. sounds. J.S.V. Vol.2. No.3 1965 compressed air or electrical power to the site, to drive cranes and conveyors,
or to cut materials such as stone, concrete, and wood. Woodworking machin-
ery is a partic.ularly serious offender, producing dangerously high levels of
high frequency noise. This should be housed in closed work-shops wherever
possible, special care being taken to protect the hearing of those employed.
Vehicles, both those restricted to the site, and those moving materials to and

6.4. CONSTRUCTION NOISE from the site, are a significant source of annoyance, especially on road con-
struction sites, where fill is often moved almost continuously through the day

Noise caused by construction and demolition operations is beginning to be and night by extremely large, powerful, and usually noisy, off-road vehicles.

treated as a subject in its own right, and this interest is reflected in the many
new standards being considered at both international and national levels. One of the most important characteristics of construction noise is the high

This move has been brought about by the recognition of a number of import- proportion of impulsive noise which is present. 1"his occurs from processes as

ant characteristics of construction noise which accentuate both community different as hammering, materials handling, impact chipping and drilling, fix-

annoyance and noise reduction problems. Some of the more important of ing by percussive guns, and piling. All of these give rise to high levels of im-

these factors are:
pulsive noise, which is a potential cause of public annoyance as well as dam-
age to employees’ hearing. Conventional piling techniques involving the im-

1) The site is often in a long-established commercial or residential area, pact of a heavy mass on the driven pile are capable of causing hearing dam-

whose inhabitants have had long experience of the existing background age at up to 100 metres, and have been known to draw complaints from

noise level. The construction .work therefore appears particularly intru- residential areas as far as 2 kilometres away. In such cases, annoyance can

sive, and brings with it other undesirable features, such as dust, heavy often be lessened by circulating the likely areas of complaint beforehand with

vehicles, and restriction of access, as well as the noise problem which a letter explaining what is about to happen, why it is being done, and when

concerns us here. and for how long the disturbance will last. This procedure not only forewarns
people, so that the activity does not come as an unwelcome surprise, but

2) Work takes place predominantly in the open air. The building itself there- also assures them that the construction company is aware of the distu,bance

fore provides very little sound insulation of the. activities except in the being caused.

very latest stages, and even then most of the noisy plant remains out- Solutions to many of the noise problems associated with construction are
side. bedeviled by the open-air nature of the operations and their continual move-

ment around the site. Reduction at source is therefore of utmost importance
3) Planning and zoning to separate noisy from noise-sensitive areas can ob- in obtaining reasonable levels of noise emission. This applies equally to perm-

viously not work, because of the limited duration of the work. anently operating installations such as compressors and generators, and to
producers of short term high intensity noise. Some processes, for example pil-

4. The noise emissions vary greatly during the day, with very high levels for ing and compaction, also generate high levels of ground borne vibrationshort periods of time. In addition, impulsive noise, which is particularly which may manifest itself as considerable noise in buildings far from the site.
annoying, forms a high proportion of noise emissions from construction The airborne noise itself may be acceptable, but often gives rise to fears that
sites, the vibration may be damaging to the property, although this is rarely the

case.
5) Noise arises from a large number of different processes which vary

greatly in intensity and character as the site activities change during the Source noise can often be reduced by replacing a machine or a process by
construction period, a less noisy one, for example using hydraulic concrete breakers instead of

pneumatic drills, or high tensile bolts in place of rivets. Of particular interest
6) The whole construction process is transitory by nature. Virtually every- is the new generation of pile driving techniques, which attempt to get away

thing to do with it is therefore in a continual state of change, making any from impact methods by using hydraulic rams to force down the piles, some-
attempt at noise control extremely difficult, times vibrating them to assist the process. In comparison with traditional

methods these are remarkably quiet.
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Where reduction at source is not possible for any reason, or is found to be To illustrate some of these points, a survey was undertaken at a site in a ~o
inadequate, temporary enclosures which can be quickly erected around the suburb of Copenhagen where many of the problems mentioned above were
work area may reduce noise to an acceptable level, at least for the occupants in evidence. Two different sets of fully portable instrumentation were used to rO
of the surrounding buildings. For the operator, this may cause a greater prob- carry out these measurements. Fig.6.4.1 shows one arrangement consiting
lem as the enclosure will now tend to increase the level of the noise received of an Integrating Sound Level Meter Type 2218 to calculate the Leq directly,
by him by reflection from its walls. The effect of this can be reduced by lining and a Level Recorder Type 2306 to provide a permanent time history of the
the enclosure with absorbent material. Screens and partial enclosures may measured sound levels. In this case the noise source was a continuous road
also be useful, although care should be taken not to reflect sound into other breaking, Ioadin~l, and compacting operation employing several different ma-
sensitive regions. Site vehicles can often be fitted with more efficient silen- chines. This generated a high continuous noise level and irregular peaks.
cers which may reduce emissions by up to 20dB in some cases, and partial Fig.6.4.2 shows a typical sound level trace and clearly demonstrates how the
engine enclosures could account for a further improvement of 5 dB or so. short-term, high-level peaks in the signal, influence the process of Leq calcu-

lation. The Leq iS 89.1 dB although the sound level only exceeds this value
The wide variation of noise levels and characteristics at any measuring posi- for a very small percentage of the measurement period. Because of the impul-

tion near a construction site leads to some problems in finding units to de- sive nature of the noise, it is imperative that a sound level meter with a large
scribe the climate adequately and in setting limits. The recent tendency is dynamic range, such as the Type 2218 with an 80dB range, is used.
towards adopting Leq or Ldn. A relatively new British Standard recommends
that measurements are made to determine the A-weighted Leq, and suggests
an Leq limit of 75 dB(A), measured over a 12 hour daytime period from
07.00 to 19.00 hrs. In addition, absolute peak and impulsive noise limits Integrating Precision
may be set by agreement to suit local conditions. No really universal tech- Sound L~ve~ Meter
niques have been agreed to cope v~ith the difficult problems associated with
impulsive noise, and it is still the subject of some controversy in this field as
in others. At all times though, the limits must be set to maintain the expo-
sure of employees below that required by the law to protect them from hear- ~I 14")
ing damage. This is the case even where higher levels of noise are accept-

I~ i_ ~-~.!~-j
able from the point of view of community annoyance.

Portable RecorderMonitoring of construction site noise is complicated by several factors
which have to be taken into account when organising a survey.

1) The levels fluctuate widely during the day, with very intense noise pres- Fig.6.4.1. Portable instrumentation for measurement and recording of con- i
ent for short periods, so the measurement time must be long enough to struction noise
be representative. This may necessitate long term monitoring because
many processes only occur infrequently.

2) Impulsive noise, which can be dominant on some types of site, may have ~ o o o D = D o o ~ o ~ o o o o = o o o o o = o o D = o u ~ ~ o o o o o ~ ~ o o ~ ~ o = o o = o u o
to be assessed separately. ~110 Pa~r S~ 3 mm/~.

~re I~ Writing ~ 1~ m~

3) Levels may vary significantly at different points around the site at differ- dB (A) ~ ~ . . ,~ ~. , ; ~[{ ,~ ~ , ~ _= ~ ~ ~ent times depending on the nature of operations. A go~ sta~ing point :~ [~_~"~~;~ .............
for measurements is often the nearest inhabited building, unless inspec-
tion of the site reveals an obvious problem area. ~7o

=60

4) If the site is near to a road, railway, or other noisy source, ambient noise
may be high enough to interfere with the measurements.                               Fig.6.4.2. Time history of a road breaking, loading, and compacting o~era-

tion

232                                                                                                                                                      233



00
D0.52 0[B=000 0>~

~

.

~

L.0001=08~ 3DB
[,054 0DB=000 0;:

L.0890=05~ OBB
!3~:2’ ~:~DE:=005 4;;

[_0095=054 ODB ....
,-~ ..... --,--.--- O054 ~:IDE:=~i~4 4;-;

~ ~ I.~.~~ [..E~3=0;~6 ~DB .....Impul~ Pr~ision I ~ I " -I~-~’~*’#/ " -
2~ Alphanumeric Printer Noi~ L~el Analyzer El ~t~ :’ ::::: ~]) [I E: = ~ ~ ~1 ~1 ;’~ ........2312 ~ ,,~,, -

D030 0DB=000 0:’~
Fig. 6.4.3. Portable instrumentation for the measurement and statistical ana- [I

lysis of construction noise

A complete statistical analysis of fluctuating noise may be made using the
D02~3 0DB=005 .3;.;arrangement of Fig.6.4.3, which enables the measured seund level te be plot- D03’.3 0DB=080 0;~

ted on the level recorder, and the statistical parameters calculated by the
4426 and printed on the Alphanumeric Printer Type 2312. Thus the signal
and its analysis are documented automatically, and the results are available
on site at the time of the measurements. The 4426 can be pro-programmed .....
to output a wide range of parameters of which the most important in this
case are the L~, L~, and the probabili~ distribution. Fig.6.4.4 is a repr~uc
tion of a short period of level recorder trace of noise recorded at the boundaw
of the site. The fluctuating level, caused by many different noise sources, is ~i~.6.4.5. Example of 4426 analysis printed out using the Alphanumeric
typical of construction work. Again the L~ is dominated by the higher levels Printer Type 23~2
which exist for relatively short periods, but the statistical parameters repro-
duced in Fig.6.4.5 now allow the signal variation to be studied in far more de-
tail. An additional advantage of this ~pe o{ analysis is that the LN value,
any integer value of N from I to 9~, may be read out at regular pro-deter-
mined inte~als during an extended monitoring peril. The extent of
term variations can then be assessed.

B.S. 5228: Code of Practice for Noise Control on Construction
and Demolition Sites. British Standards Institution,
London 1975.

~ I.S.O.: 2151 1972. Measurement of airborne noise emitted
~nd _ ~ ~ ~ ~4"~V~ ........ by compressor/primemover-units intended for out-~.~r.~ I _ .__ ~J~~i F" ’" ~"’~’~’~.~ ~ door use.
dB (A) --

~ ~RGE, J. B. and Community Reaction ~o Noise from a Construction
~o
~V~icle~t~~ ~Ma~rial Ha~li~ ~mpr~r~ Exc~ator ~ LUDLOW, J.E.: Site. Noise Control Engineering March/April 1976.
~o~ ~1 pp. 59 ~ 65.

SEMPLE, W.: ~uieter Pile Driving. Noise Control and Vibratien Re-
Fig. 6. 4.4. Noise time history typical of construction sites duction. Sept. 1974. pp. 289 ~ 295.
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luftb&ren akustisk staj og vurdering af NF S 30-102 Vocabulraire de I’ecoustique -- 10687/4. Ausg. 1063 1963) Transducers and instruments)
dennes virkning p~ menneeket 1973 aystbmee de transmission at de " JIS Z 8731 Method of sound level measurements

-- propagation du son et des vibrstions "I’GL 10868/5 Meaeverfehren der Akuatik: Be=tim-
DS/ISO R.224~ Akustik, Beekrivelee og mali~g sf 1970 mung dera Schallebsorptionsgrrades im ,(1966)

fysiska sterreleer vsd overlydebrag NF S 30-103 Vocabulraire de I’ecousttqua -- Hallraum JIS Z 8105 Glossary of acoustical terms (Sound
Miljestyreleen,

, 1973 eq~pareillage ecouatiqua ’ 1965) recording and sound reproducing)
TGL 10688/6 Meesverfahren der Akuati~: Bestim-

Ksmpmennsgade 1. NF S 30-104 Vocabulraira de i’racouMiqua --
1604 K~enhavn V 1974 enragiatrement at Isoturra 1970 mung des Schallabsorptionsgrsdes Jt~ Z 8109 Glesraary of acoustical terms (Speech

.,. und der Schallimpodenz im Measrohr (1967) and hear ng. music)
PubliCation 27 Stwj. Foreleg til bekmmpeles NF S 30~105 Vocebulaire de I’ecoustiqua --

I TGL 10655/7 Meesverfahren der Akustik: Beetle- Netherlands Nederlands Normalisatie-lnstituut,
(Noise abatement) 1975 racoustique phy~iologique de 1970 mung tier Stremungsreeistanz Polar, wag 5,psychoacoustique Rijswijk (Z-H)Pubiikration 28 !Stajpro$.)lemer i forbindelee mad (svec NF S 30-101 ~ NF S 30-103. TGL 10888/8 Measve~;fahran der Akustik: Bestim-
fjernelae af afraid. Noise problem= aeptemlxe 1973, NF S 30-104. 1970 mung tier Nschhrallzeit yon R~umen NEN 10050 Same as IEC 50connected with garbage diepo~l) octobre 1974, NF S 30-106,

Vejfedning I Extern st~j fra virksomheder ~eptembre 1975 et NF S 30-107. " TGL 10686/9 Meea~rfshren der A~ustik: aestim- NEN 20131 Ssme aa ISO R.131
3/1974 d~cembrra 1972, remplrace NF S 30- 1970 mung der valenten Schallabsorptionra-

NEN 20226 Same as ISO R.226
Arbejderbeakyttefsesiondet 001. aeptemhre 1973) fl~che (Ersatz for TGL 10687/4,

Veetrarbrogede 69, NF S 30-106 vocrabulaire de I’acoustique --
Ausg. I0.63) NEN 20266 Same as ~SO R.265

1620 Kdoenhavn V 1975 ecoustique architecturale Great Britain British Standrarda Institution, NEN 20357 Same as ISO R.357
¯ (avec NF S 30-101 & NF S 30-103. 2 Park Street,

DIre~torstst for Staj p~ rarbejdepladeen ~eptambrra 1973. NF S 30-I04. London W. 1 NEN 20532 Same as ISO e.532
Arbejdetitaynet octdore 1974, NF S 30-105.PublNo~ 38 ~eptemb~e 1975 rat NF S 30-107, IS.3045:1958 The relation beWveen the ecne scale of NEN 22204 Same ras ISO R.2204

loudness and the phon scalra of NEN 30454 Same as ISO R.454Statens Byggeforskningsina~itut decembre 1972. remplece NF S 30-
Ioundneea level001. raeptembre 1973)

’St¢j i byan del. I
NF S 30-107 Vocabulaire de I’racouatiqua musicals ~S.3388:1961 Normal equal-loudness contours for New Zealand

Den nordirake’komite for 1972 pure tones rand normal threshold of
bygningsbestemmeiser" hearing under free-field listening
Boligministerist NF C 97-030 Echelfee des graphiques pour Je trec~ conditions 1009 ; 1951 Musical pitch. Gr 4. Amendment No.

~I~B or, 17- St~iog byplran. Praktiake envisninger
1970 des courbera de r~ponsa en frequents 1. 1967

deeeppareila ~lectroacouatiques(Enr.) ~S.3593:1963 Recommandstion on preferred ’
1971 (Noise Abatement in Town Planning) (1 page) frequencies for acoustical

2066 : 1965
Theloudnessrelationandbetweenthe phoothescales°neof scale of

G~rm’any measurements loudness level. Gr 2Finland Suomen Standardisoimisliitto Beuth Vertrieb GmbH. "
PL 205. O0121 Helsinki 12 ~S.4198:1987 Method for calculating loudness 2067 : 1955 Recommendation on preferred1000 Berlin 30. Sruggrafranstr. 4 -- 7

frequencies for acoustical
SFS 3084 Same as ISO R. 131-1959 (B.R.D.) und 5000 KOln, Kamekestr: 2 -- 8 65. 661:1969G~ossary of acoustical terms : measurements. Gr 2
SFS 3065 Same as ISO R.226-1961 DIN 1318 Lautstlirke~agel; 8agriffe, Meeverfsh- 65.2497: Reference zero for the calibration of

SFS 3086 Seme as ISO R.266-I 962
rran ~ure-tone audiometers I Norway Norgea Standrardiseringsforbund,

H~kon 7. gt. 2,
DIN 1320 Akustik. Grundbegriffe 85.5108:1974Method of measurement of Oalo 1

SFS 3087 Same as iSO R,357-1963
DIN 1332 Akustik, Formelzeichen I attenuation of hearing protectors at NS 1020.07 Del 7~ Stsrrelser og Sl-enheter.

SFS 3088 Same as tSO R.454-1965
DIN 45401 Normfrequenzen f~r akustisch~ Mes- = threshold Akustikk

SFS 3089 Same as ISO R.532-1966 sungen I Hungary Magyar Szsbv~nytJgyi Hivatal, NS 4800 Kemmertonen (Standard toneh~¥de)
Budapest iX. ~li01 ~t, 25

France L’Aasociation Fransaise de ~IN 45402 Effektivwertmeeaung in tier Ele~troa~u- NS 4801 Fysiske og subtektive s~srrelser for
Normaliaration (AFNOR). stik beskrivelse av lyd og stayMSz.3391-60 Acoustical terminology and formulae .,Tour Europe. 9:2 Courbevoie DIN 45403 Messung von nichtlinearen 1960 NS 4802 Normrale li~elydskurver for rene toner

og normal hareterakel under fritt-falt-NF S 30-002 Frd~3uencee normales pour les BI. I -- 4 Verzerrungen in der Elektroakustik ...
M.Sz.3392~54 : Acoustical measurements forhold1972 meeure= racoustiquea "DIN’ 4561 i Meaaung der Schralldammung yon Ge- 1954

NF S 3Oo~O3 Lignee isoecnlques normalee pour h0rsch0tzern. (Herschwellenmethnde) ~ 4803 Prafererte frekvensrar red akustiske
1965 sons pure dcoutee sn champ libra et DIN 45630 Grundlag~n der Schallmessung. VI.Sz. 11121-53 Sound technics. General terminology m&linger

seuil d’audition binauriculraire en B1.1: Physikalischra und subjaktive 1953 and demands
NS 4805 Effekt- og intensitstsniv~er for lyd og

champ libra GrOP~en yon Schall
India Indian Standsrds Institution, stay ,,

NF S 30-004 Expression des caract~riques BI,2: Nprmralkurven gleicher Lautstarke Manak Bhavan, NS 4807 Forskiellen mellom Iydtr~kniv&er ev
1966 physiques et des carsct~ristiquee DIN 45631 Brarechnung des Lautsti~rke-Pegal= aua 9 8rahedur Shah, Zafar Mar9, smalb~ndstay sore iet diffust felt og

pay~hephysiofogiquee d’un son ou d’un dee Ger~uach-Spe~trum. [Verfaho New Delhi 1 et frontatt innfa~ende frill fe~t her
bruit ran nach Zwicker) samme herestyrke

NF S 30-006 Methods de catcul du niverau Germany Amt f/Jr Standerdisi~rung der IS: 1885 Electrotechnicral vocabulary: Acoustics
1966 d’isosonie Oeutechen Oemokratischen Redubtik

Part ~| Section I, Physica~ Acoustics NS 4810 Metode for beregning av
Section 2. Acoustical Systems herestyrkeniv~=

NF S 30*007 Zdro normal de r~fdrence pour (D.D.R.) Mohrenstrasse 37a Section 4 Sonica, ultrasonics rand (Inkl. ISO R.532)
1967 J’dtalonnage des audiom~trea ~ sons 106 Beg’tin underwater acoustics Nordisk Komite for bygningsbestem-

:~ura TGL 10686/1 Mel~verfahren der Akust=k: Section 6. Acoustical instruments melser. Kommunal og Arbejds-
NF S 30-O06 Guide pour ]a mesure du bruit et 1970 Luftschsllmessungen am Section 8, Architectural acoustics departementet
1970 I’~vraluation de see seats sur I’homme

Aufenthattsort yon Menschen
IS: 2264-1963 Preferred frequencies for acoustical NKS Nr. 17- 5trai og Byplan (Noise Abatement in

TGL 10688/2 Luftschallmessungen an Maschinan measurements 1971 Town P tanning
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Poland Polski Komitet Normalizacji I Switzerland
Materialzentrale. Supplementary levels of sound or noise Larmbekampfung,i Miar
EidgenOssische Drucksachen und R.357-1963 Expression of the power and intensity 0sterreichischer Arbeitsring fur

Ul. E~aktoralna 2. Bern 3. .
to R.131 Regierungsgebiiudeo

00-139 - Warszawa
-- I L~rmbekampfung in der Schweiz

R.454-1965 Relation between sound pressure 1012 Wien

PN-61 Building acoustics levels or narrow bands of noise in a ’OAL-Riohtlinie Gesundheitsschdden dutch L~rm
B-02153 Terminology and definitions U.S.A. American National Standards Institute diffuse field and in a frontally-incident Nr.5 (2. Ausg.)

1430 Broadway. free field for equal loudness ~OAL.RiohIlinie Sioherung der Nschtruhe ""
PN-71 Noise of machines end equipment. New York, NY 10018 R.532-1975 Method for calculating loudness lever Nr.15M-01300 Methods for determination of ecoustio Si. 1-1960 Acoustical terminology~sremetera R 2204-1973 Guide to the measurement of ’OA’L-Richtlinie Die ~rzt~iohe Segutachtung von Stbrun-

~1 Acoustics. Measuring frequencies S 1.2-1962 Method for physical measurement of acoustical noise and evaluation of its Nr. 18 sen durch L&rm

N-01301 (Polish Draft Standards for
sound effect on msn

, I OA~.-Rioh~linie SchalltechnischeGrundlegenfOrdie
experimental application) S 1.6-1967 Preferred frequencies and band R.2249-1973 Description and measurement of Nr.19 Beurteilung yon Baularm

PN Acoustics. Method of determination of
numbersfo~acoustioelmeasurements physical propertios of sonic booms IOAL-Riohtlinio Schslltechnische G rundlagen f~r 0rill-

N-O1303 audibility and audibility levels (Polish S 1.8-1969 Preferred ref, quantities for acoustical R.3352-1974 Assessment of noise with respect to ;Nr.21 che und Liber~rtliche Rsump~anung
Draft Standard for experimental levels its effect on the intelligibility of speech
application) S I. 13-1971 Method for the measurement of sound ISO Draft A guide to the evaluation or

Belgium Institut29 ev. deBelgela Braban~onne. de Normalisstion,

PN Acoustics. PIottiog curves of equal ~reesure levels Proposals asoeesmant of noise 1040 Bruxelles
M-01305 sound levels lind threshold of audibility I $3.4-1968 Procedure for the computation of the NBN576.11 - Courbes d’~’.,lluetion du niveau de

of normal tones (Polish Draft Standard loudness of noise Digital processing of acoustical signals 1961 bruit
for experimental application) .

PN Electroacoustics. Terms and definitions $3.20-1973 Psychoecoustical terminology Reference acoustical quantities Brasil Aseoci~Io Bresiioirs de
Normss Ticnices -- ABNT

T-01009 (Polish Draft Standard for experimental $6.1-1973 Qualifying a sound data acquisition Recommended methods for measuring Av. AImirsnte Sarroso 54
. epplioetion) system the intelligibility of speech Rio de Jsneiro -- RJ

Portugal Inspec~llo Geral dos Produtos Y10.11-1953 Standard letter symbols for acoustics INS 95 NIveis de Ruido Acsit~veia
Agriooles ¯ Industria~s {RepartJ¢~o ! 966
de Normaliza~l!o) U.S .S .R. Komitet Stendardtov, ,

Leninsky Prospekt 9b, IDecreto 11,467 Di~rio Ofioial do Municipio de S~oAvenide de Berne--1 117049. Moskve M-49 30.101974 Psulo regulsments a Let 8106 de

1-855 Acustica. Terminologia (terminology) Goat 8849-58 Acoustical units B. Noise Rating Recommendations
Urbenos30’08"1974" Disl:~e sol)re Sons

1975 IGo~t 12090-a~ Preferred h’equenoies for acoustical Argentina ’ C,S oS,R. Ministry of Health’i
I Roumania Oficiul de star pentru measurements Prahs

Standards. I Gost 9865-6S Supersonic equipment. Series of
Str. Edger Quinet 6. nominal electrical ~ower 40~9 Noise evaluation for hearing
Sucsreet 1

I Goet 14761-6~Grammophone test records, Technical
conservation ~ Hygienical Requirements for protection against

Requirements noise
STAS 1957-66 Acoustics. Quantities, units and conditions. Testing Australia Standards House, No~ 32

symbols B0 Arthur Street, Dansk Standsrdiseringsr~d.

STAS 6342-61 Frequencies of tones
Yugoslavia North Sydney Denmark Aureh=ljvej 12,

AS.1055-1973 Noise assessment in residential areas 2900 Hellerup
STAS 6451-61 Physical and physiological expressions

of sound and noise 1/NN 4010 Physiological and subjective magnitude AS. 1469-1973 Criteria curves for rating noise and DS/ISO Akustik. Bedcmmelse af stej n ]d
of sound or noise establishing acoustic environment R. 1966 hensyn tit omglveleernes reakt~on

STAS 6533-62 Electroacoustics. terminology 2INN 4011 Preferred frequencies for acoustical DR.72084 Australian standard code of practice DS/tSO Akustik. Bedemmelsa sf

STAS 6702-63 Electroacoustlcs. Conventional measurements for hearing conservation R1999 atejeksponering p~ arbejdeplsdsen

International Organization for Council of the City of Sydney
mad henbtik pt~ hcrebeskyttelse

symbols
International Standardization,

Draft code for the control and Finland L~akintbhsllitus
Silteessrenk. 18 ASTAS 8901-64 Normal equal loudness contours 1. Rue de Varemb~. regulation of noise on building sites 00530 Helsinki 53STAS 7024-64 Supersonic acoustics. Terminology (I.S.C.) Geneva. Switzerland

Instituto Nacionsl de Racionalizecion 50 (oaJ (196o) International electrotechnioal Austria Staatsdruckerei, Wien 1551 Yleiskirje: Terveydenhoitolsin
Spain y Normalizacion vocabulary, electro-acoustics {469165) ja-asetuksen (55167) nojalla

snnetut melus koskevst terveydellieet
Serrsno Nr, 150 IEC Draft Definition of dynamic ranges at the auositukset
Madrid 6 Proposal input of digital signal processing Bundesgesetz- Gesundheitliche Eignung yon Arbeit-

SO (08) Vocsbulsrio EIectrot~cnico equipment for acoustical blatt 15, St(~ck nehmern f~r bestimmte Tatigkeiten Valtion Painatusl~eskus

1960 Internacionsl Elactroact~stics measurements 1974 Nr. 39 PL 516. 00101 Helsinki 10

International Organization for Bundeegasatz- Kraftfahrverordnung 1955 VNP VNP tybss~ vsllitseven melun
117-12 Docesvs parts: Diagrames de international Standardization, blair 265 730/1974 torjunnssta
1968 espectros de frecuenciss

268-1 Primers parts: Gsnerslidsdes (I.S.O.) 1, Rue de Vsrembd.
Geneva, Switzerland Bundesgesetz- Sesnverkehrsordnung 1961 France L°Associstion Franqsise de

blair 103 Normalisation (AFNOR).
1968 R31 Part VII Quantities and units of acoustics Tour Europe. 92 Courbevoie

268-2 Segunda parts: Definicien de Ice ; 1965 0sterreichisches Normungsinstitut
Leopoldeg. 4 NF S 31-010 Mesure du bruit dens une zone

1971 t~rminos generates R 131 - 1959 Expression oi the physical and 1020 Wien 1974 habitue rue de rdvsluation de la
subjective magnitudes of sound or g~ne de Is population

Sweden Sveriges stsndardiseringskommission, noise S 5010 Schallabstrahlung Yon Industriebau-
Box 3295. . Entwurf ten. Nachbarschaftsschutz NF S 31-013 Evaluation de rexposition"au bruit su

10366 Stockholm I R~226-’1961 Normal equal-loudness contours for 1975 coBra du travail en rue de la protection
pure tones and normal threshold of S 5021 Tell 1; Schslltechnische Grundlagen de rouie (remplace S 31-013, evril

SEN 590100 Akustik. Oversikt Over normer hearing under free field listening Entwurf f(ir die Ortliche und (iberbrtliche nauru- I S6S~
conditions planung und Raumordnung , NF S 31-047 Evaluation des distancesSEN 01 i 501 Akustisk ordlista
Preferred frequencies for acoustical S 5021 Tell 2; Darstellung yon Larmkategorien f 675 d’lntelIigib~Iit~ de la parole dane une

ISIS 016170 Storheter och Enheter. Akustik
R 266-1975    measurements

Entwurf in Pl~nen ambiance bruyante
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Germany Beuth Vertriab GmbH, Hungary Magyar Szabvany~igyi Hivatal, South Africa South African Bureau of Standards, $3.1-1960 Criteria for background noise in CO
1000 Berlin 30, Burggrafenstr. 4 -- 7 Budapest IX, 01161 ut. 25 Private Bag X191 Pretoria 0001 audiometer rooms O

(B.R.D.) und 5000 KS/n, Kamekestr. 2 -- 8
SZOT 6/I 965 Verordnungen des Landesretes der Association of Home Appliance ~"

DIN 18005 Schsllschutz im St~dtebeu {IV) Geverkschaften SABS 083-’ Code of practice for the rating of n0ies Manufscturers (.~
Vornorm + Hinweiee for die Plsnung ’ 1970 for hesri.ng conservation 20 North Wscker Dr~e
Neuentwurf Berechnungs- und Bewertungsgrundlao M.SZ. 11143 T Max. permitted noise levels by medical

SABS 0103- Code of practice for the rating of noise Chicago, IL 60606
gen 1970 instruments and equipment 1970 for speech communication with ~HAM RAC-2SR Roor~ sir conditioner ~ound rating

bin 45641 Mittelungspegel und Beurtei[ungspngel India Indian Standards Institution, respect to annoyance 1971)
zeitlich schwsnkender Schallvorgiinge Manak Shaven.

9 Bshadur Shah Safer Marg. Sweden Sveriges Standsrdiserings- U,S. DePartment of Labor
. kommission. Box 3295. Washington D.C.DIN 45645 Einheitltche Ermittlung des Beurtai- New Delhi 1

10368 StockholmEntwurf lungspegels f~Jr Ger~iuschimmissionen
IS: 4954-1968 Recommendations for noise abatement OSHA Welsh-Healey Code (administered

VDI 2058 Beurteilung uod Abwehr yon Arbeits- in town planning SEN 590111 Bed~mning ev risk fi~r hOrselskade rid under Occupational Safety and Health
bullerexponering, (Risk for hearing Act of 1969)I~irm; iS: 7194-1973 S~ecificetione for e~seesment of noise~’ damage) ,BI, 1: In der Nschbarschaft exposure during work for hearing
Ltl:~r F~rlag. Fack. 10320 Stockholm U.S.S.R. Komitet Standardtov.BI. 2: Am Arbeitsplatz hinaichtlich Go- conservation purposes Leninsky Pro~pskt 9 b,

hdr~ch~den ’ Arbetarskydd~* Bullet i arbetslk’et 117049 Moskvs M-49
VDI 2585 Beurteilung yon Li~rm in Wohnungen Netherlands Nederlands Normallastie-lnstituut. styrelsene anvil- "

Polakweg 5, Goat 12.1.003 Noise. General safety re~uirements
Entwurf Rijswijk (Z-H) nlngsr nr 1 I0, 1976
VDI 2574 Beurteifung der InnengerSuache vo~

1
Sj~fsrteverkets Best~mmefesr och rekommendetioner Goat 15762- Individual noiee~protection devices

Entwurf Krsftfahrzeugen NEN 20532 Same es ISO R.532 meddelsnden om skydd mot bullet p~ fartyg 1970 hyg. requirements
nr 27-1973.

Sundesanzeiger u.a. Norway Statecs Forurenings Tilayn St~tens Netur- Rikw~irden for externt industribuller Yugoslavia Official Gazette
Bundes-immissioneschutzgeeetz, Folge- v~rd~verks pub-
Verordnungec 1975 Ratningelinjer for begrensning ev stiy likstion 1973:5,                           . S July 1971 General precautionary measures and
AIIgemeine Verwaltungsvorschrift zum frs induetri m.v. Switzerland Eidgen~ssische Drucksachen standards for protection st work

und Matertslzentrale, against noise at working pl~c~Schutz gegen Baul~trm; Oslo HelMet&d, Bern 3 International Organization forGerSu~chimmlssionen St+ Ofevl Plies 5. International Standardization.
AIIgemelne Verwaltungsvorschrift zum

Oslo 1 -- L~rmbekSmpfung in der Schweiz
1, Rue de Veremb~,

Schutz gegen Saul&re; 1975 Forskrifter om bngrensnlng av stcy 13 M~rz 1984 Bund~sgesetz Uber die Arbait in Indu- (i.S.O.) Geneva, Switzerland
EmiesionemeSverfahren stria. Gewerbe und Handel (Arbeitage-

Poland Polski Komitet Normalizacji i Miar setz) R. 1996-1971 Assessment of noise with respect to
Technieche Anleitung zum Schutz go- ul. Elektoralna 2, . , ’community response
gen L~rm (TA L~,rm) 00-139 - Warezews 26 MSrz 1969 Verordnung IV sum Arbeitagesetz R’.1999-1975 =Assessment of occupational noise ~

PN-70 Building acoustics. Sound proof Schweiz, Unfsllversicherungesnstalt, exposure for hearing conservation
ArbedtsstSttenverordnung S-021 S 1 protection for rooms in buildlNa , Luzern purposes ~)

Unfallverh~Jtungsvorschrift L~rm PN-72 Electrical rotating machinery. M~rz 1965 Schweizerische Blaster for Arbeitssi- ISO Draft Code of noise classification of
E-O6019 Admissible sound level NR 66 und 67 charheit Proposal pneumatic equipment for ~:onstruction

Great Britain Sritish Standards Institution, PN-75 Appliances for domestic and similar U.S.A. Air-Conditioning and Refrigeration sites ~)
2 Park Street. E-06250 purposes. Noise level. Examinations Institute
London W. 1 and principles of fixing of admissible 1815 North Fort Myer Drive ~O

Dept. of Env. Code of practice for reducing the level Ar!ing!on, VA 22209
exposure of employed persons to noise PN-75 Admissible sound levels in rooms with ARI Standard Standard for sound riling of o~tdoo~

~Siatutory Woodworking machines regulations M-35200 energetic objects 270 (1987) unitary equipment C. Noise Measuring Equipment
Instrument (44) PN-75 Earth moving machinery. Operator’s ARI Standard’ Standard for application of sound rated
1974 No. 903

M-47015 stand. Admissible noise leval and 275 (1989} outdoor unitary equipment Argentina ~’--
BS,4142:1967 Method of rating industrial noise methods of tests ARI Standard Standard for sound rating of room fan-

Iaffecting mixed residential and Phi Machine toois for metals+ Test 443 (1970) coil sir-conditioners F 40-74 I.Genersl purpose sound level meterindustrial areas. With amendment M-55725 methods and admissible noise levels ARI Standard Standards for sound rating of room air. Australia Standards House, (~AMD 1661, January 1975 (Polish Draft Standard for experimental 446 (1968) nduct on un ts 80 Arthur Street.Statutory Building & Buildings i Noise control application) ,
Instrument regulations 1973 PN-75 Drived cerriageway cars. Admissible Air Moving and Conditioning North Sydney

Association AS. 1259-1976 Sound level meters, type 1. general1973 No. 1363 M-78030 noise level and methods of tests 30 West University Drive Part 1 purposeBS.5229:1975 Code of practice for noise control on PN Acoustics. Method of determination on Arlington Heights. IL 60004
construction end demolition sites N-01302 the risk of weakened hearing (Polish AS.12~9+1976 Sound level meters, type 2. precision

Dept. of Eov. Cslcuteti0r~ of road traffic noise Drift Stsndaid fo~’ experimental AMCA Bulletin Standard method of publishing sound Pert 2

(1975) application} 1301 (1965) ratings for air moving devices
AS,Z41-1969 Octave, half octave, and one third

Inspec¢8o Geral dos Produtos AMCA Bulletin Application of lone loudness ratings octave band pass filters intended for
H.M Govt. Control of pollution act 1974. chapter Portugal Agrlcoles ¯ Industrisis (Reqartk;~lo 302 (1965) for nonducted air moving devices the anal’sis of sound and vibrations

40 de NormalizscSo) AMCA Publics. Application of S~und power ratings for DR 72070 Specifications for precision sound level
Avenida de Berne--1 lion 303 {1965 ducted air moving devices meters for the measurement ofStatutory The control of noies/measurement -- Lisboa-- 1 =mpulsive soundsInstrument Registers Regulations 1976 I AMCA Publi~s- Certifiedsound ratings program for air

1976 No. 37 NP 302 ~uidos industriai~ (industrial noise). 2 :ion 311 [1967)moving devices’ 1964 provisory standards Belgium Institut Beige de Normalisationo
Dept. of Eov. Control of pollution act -- a+ Reaction to noise in residential American National 29 My+ de la Braban¢onne,
Circular 2/76 Implementation of part III -- Noise areas Standards Institute Sruxelles 4

b Estimation of risk for hearing 1430 Broadway NBN576.80+ Sonom~tre de prdcision
damage New York. NY 1001B 1962
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Canada Canadian Standards Association Great Britain Sritish Standards Lnatitution.
Spain Instituto Necional de Racionslizetion 402 (1972) SimpSfied methods for pressure

178 Raxdale Boulevard 2 Park Street, y Normalizacion calibration of one-inch condenser
Rexdele, Ontario London W. 1 Sarrano Nr. 150, microphonss by the reciprocity

Madrid 6 technique
Z 107.4        Pure tone audiometers for limited           BS. 3489:1962 Sound level meters (industrial grade)                                                                                       486 (1974)     Precision method for free-field

measurement of hearing and for 123 Recomsndecione$ pare los aperstos de calibration of one-inch standardscreening BS.3539:1962 Sound level meters for the 1961 medids del ofvel del sonido condenser microphones by the
Z ! 07. I Same as ANSI S,1.4-1971 measurement of noise emitted by (son, metros) reciprocity technique

Z 107.5 Same as ANSI $1.11-1966
motor vehicles 179 Sonbmetros de precisibn IEC Draft Con~idation and revision of IEC 123

C.S,S.R, Office for Standards and BS.2475:1964 Octave and one third octave band pass
1973 Proposal. and IEC 179 sound level meters

filters with amendment PD 5536 May 22’5 Filtros de bands de octave, semioctsva
Measurements, 1965 1966 y tercio de octevs, destinedos sl
11347 Prsha I, an~lisis de ruidos y vibreciones
V&clavek6 Naml~sti 19 ,. aS.4197:1967 A precision sound level meter. D. Measurements of Noise Emitted

~SN 35 8870 Sound level meter and band pass filter amendment slip No. 1 268-4 Cuerte parts: Micr~fonos
1972 by Machines

(~SN 38 8210 Microphones Hungary Magyar Szsby~lhyO~i Hivetsl, 327 M~todo de preci|idn pare el calibrado
1970 Budapest IX, Ullal ut. 25 1971 a prask~n de 1o= micr~fonos petronss Australia Standards House,

Denmark Dansk Stsndsrdiaeringsr~d de condensadores de una putgsde pot 90 Arthur Street,
Aureh¢ivei 12 M.SZ. 11144 Sound measuring instruments basic la t~cnice de le reciprocided North Sydney

Measurement of airborne noise2900 Hsllerup 1969 requirements 40~ Mdtodo s/mplificado pare el calibredo AS. 1081 - 19751 emitted by rotating electrical

DS/IEC 179 Pr~ciaionalydtrykm~lera India Indian Standards Institution,
1972 s preai(~n de los micr(~fonos de

condensador de pulgada pot Is t~cnice machinery
DS/IEC 179 A Prmclaionslydtwkm~lera. 1. tillaeg: Mansk Bhsvan, de Is reciprocidad AS.1217-1972 Methods of measurement of airborneTillasgskrav til lydimpulsm~llere

New9 BshedurDelhi Shah,1 Zsfsr Mars. 48l~ M~todos de precisk~n pare el cslibrado sound emitted by machines
DS/IEC 327 Praecisionsmetode til trykkslibrering sf 1974 en camps libra de los micr6fonos

one inch standard IS:3931-1966 Specifiostion for sound level meters )atronss de condensador de uns Austria Osterraichischa Stsstsdruckerei
kondenastormikrofoner red for the measurement of noise emitted pulgade pot la t~cn~ca de la 1012 Wian
reciprocitetsmetoden by motor vehicles reciprocidad

Bundesgasotz Gewerboordnung 1973DS/IEC 402 Forenklet metode til twkkslibrering af IS:3932-1968 Specification for sound level meters U.S.A. American National blattone inch kondensstormikrofonar ved for general purpose use Standards Institute 19. StOck 1974
reofprocltetsmetod~n .... ,. 1430 Broadway Nr. 50

Finland Suomen Stsndardisoimialiitto °
IS:6964-1973 Specification for octsve, half-octave New York, NY 1001S

and third-octave band filters for , ~ Wiener Landes Gesetz zum Schutz 9egen Baul~irm
PL 205. 00121 Helsinki 12 snah/sis of sound and vibrations ,$1.4-1971 Specification for sound level meters gesetzblatt

SFS 2877 Same as IEC 123 (1961) $1.10-1966 Calibration of microphones 12. StOck 1973

SFS 2881 Same as IEC 179 ~ta~y AEI, Nr. 16
Via S. Peolo. 10, $1.11-1966 Octave, half-octave and one-third W’i~ner Landes Emissionsgrenzwertverordnung (fOr

SFS 2885 Same as IEC 225 (1986) Milano ,
o~cteve filter sets gesetzblett Baumeschinen)

L’Association Francsise de 19-1 Mlsocatori di livello sonoro S !. 12-1987 Specifications for ~aboratory standard 16. StOck 197:
France Normsliaation {AFNOR), 1958 microphones Nr. 20

Tour Europe, 92 Courbevoia 29-4 Filtri de bsnde di strays, dl mezza U.S.S.R. The State Committee Osterreichisches Normt ~gsinstitut
of StandardsNF C 87-010 Filtres de bandes d’octave, de demio 1968 strays ¯ di terzi ottsva per anelisi 9, Leninsky Prospekt,1974 octave at de tiers d’octsve destines ~ ecuatiche

I’analyse des bruits et des vibrations 117049, Moscow. M-49
(Enr.) (10 pages) Japan Japanese Standerde Associetion Gos’t 13761-73 Measuring condenser microphones. S 5031 Bestimmung der Schsllelstung yon

Entwurf Schallqueilen
NF S 31-009 Sonom~tres de pr~clsi0n 1-24. Akassks 4 chorea, Minato-ku General requirements

Tokyo S 5034 Bestimmung der Schalleistung yon1974 Gost 17168-71 Filters electrical octave and third- Entwurf Scheliquellen; Betriebsmi~l~ige Verfah-
Germany Beut~ Vertrieb GmbH. JIS C 1502 Sound Level meters Gost 17169-71 octave. Genera! technical ran for Fraiferdmessungen Ober

1000 Berlin 30, Burggrsfanstr. 4 -- 7 (1970) requirements nem reflektierenden Untergruod
(B .R .E).) und 5000 Kbln, Kamekestr. 2 -- 8.. JIS C 1503 Sound level meters Goat 17187-71 Sound level meters. General technical Ostarreichischer Arbeitsring
DIN 45633 Pr~zisionsschellpegefmesaer. ~1969) requirements f(~r L~rmdekiJmpfung.

B1.1: AIIgemeine Anforderungen
Nederla~de N~rmalisetie-lostituut, international International Organization for Regierungsgebttude.

Standardization, 1012 WienSl. 2: Sonderanforderungen for Impuls- Netherlands Polakweg 8.messungan Rijswijk (Z-H) (I.E.C.) 1. Rue de Varemb~, OAL-Richtlinie Measung des Ger~usches yon Msschi-
DIN 45 634 Schallpegelmesser und Impulsschsllpe- Geneva, Switzerland Nr. 1 nan

gelmesser. Anforderung. Pr0fung NEN 10123 Same as IEC 123 1~ {1961) Recommendations for sound level OAL-Richtlinie Schalltechnische Grundlsgen for die
DIN 45691 Oktavfilter for elektroskustische Mes- NEN 10179 Same as IEC 179 & 179 A . 1973

meters Nr. 10 Errichtung bzw. Erweiterung yen Be-
sungen 179 (1973) Precision sound level meters triebsanlagen

DIN 45 652 Terzfilter for elektroakustische Messun- NEN 10-268~2 Same as IEC 268-2-1971 179 A (1973) First supplement to publication 179 OAL-Richtlinie Ger~iuschsrme Maschinen, At~gemei-
pen (1973) precision sound level meters, Nr. 12 nes

Germany Amt for Stsndardisierung, New Zealand additional characteristics for the 0Al~-Richtlinie Messung der Gerauschabgabe yon
Mohrenatrassa 37a ~ , , , measurement of impulsive sounds Nr. 22 Baumaschinen

(D .D .R.) 108 Berlin 1499:1965 Octave and one*third octave b~nd-pass 2~ (1966) Octave. half-octave and third-octsve
TGL 200-7755 Gerate zur Messung des filters. Gr 3. Amendment No, 1. 1974 band filters intended for the analysis Belgium Institut Beige de Normalisetion,

19 av. de Braban¢onne.
Polski Komitet Normalizecji i Miar, of sounds and vibrations 1040 8ruxe~les1971 Schalldruckpegels Poland ul. Elektoralna 2. 327 (1971) Precision method for the pressureBI 1 Schallpegelmesser 00-139 -Wsrszawa calibrationofone-inchetandard NBN 263- Co~dltionsacou~tiques de travail

~l. 2 Terz- und Oktsvfilter PN-64 Sound level meter. General condenser microphones by the 1951 d’in~allet ons de chauffage.

BI. 3 Reg~strier- und Auswerteinrichtungen T-06460 requirements and technical tests reciprocity technique ventilation, etc,
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Bulgaria Institut de Norrnalisedon NF S 31-022 D~terrninotion de le puissance S 31-043 Code d’eseai pour la rnesure du bruit Great Britain British Standards Institution,8. Rue Sveta Sofia. 1973 acoustlque ~mise par los sources de 1975 e~rien ~rnle par las rouleaux vibrsnts 2 Park Street,
Sofia bru~t -- partie I -- rn~thode de London W. I

leboretoire en sells r~verb~ranta pour S 31-044 Code d’easei pour le mesura des bruits
~DS 6011-66 Measurement of noise emitted by

lee petite= ~ources & large bands 1975 e~rtens ~mia par lee patina vibrants et BS. 848:1966 Part 2 - Fan noise testing
lee engine ~ sernelles vibrantes SS,4078~ 1986 Cartridge-operated fixing tools

¯ ectricel rotating machines
~F S 31-023 D~tsrmination de Is puissance

C.S.S.R.      Office for Standards andMeasurements, 1973 ecoustiqua ~mise par Ise aources de G ermany Beuth Vertrieb GmbH BS.4196:1967 Gu~d~e to the selectio~ of methods of
bruit -- deuxierne partie -- rn~thode I000 Berlin 30, Burggrafenstr. 4 -- 7 measuring noise emitted by machinery

Praha 1 -- No~,d M~sto, de Isb<xatoire en sells r~verb~rsnta (B.R.D.) und 5000 KBIn. Kamekeatr. 2 -- S BS.4718:1971 Method of test for silencers for airV~clevek~ Nam~sti 19 pour lespotitea ~ources ~mettant des distribution systems
bruits b fr~:luences discrbtas ou ~ DIN 42540 ¯ Ger~uschst~rke yon Transformatoren:

~SN 09 eBB2 Noise of diesel engines,
bendes ~troitel Bewerteter Schalldruckpegel (Schsllpo- BS.4813:1972 Method of measuring noise fromMethod of measurement gel} machine tools excluding testing inNF S 31-024 D~terrnlnat~on de ~a puissance anechoic chambers~SN 12 3062 Fens. prescriptions for measurement 1973 ecoustiqua ~rnlee par lea Iourcea de DIN 45 635 Ger~iuschmeaaung an Ms~chinen

of noise bruit -- trolei~me pattie -- rn~thode BI. 1: Rahmen-MeSvorschrift. H(Jllfl~- BS.4999:1972 General requirements for rotating
~N 17 8065 Measurement of noise ernitted by d’axpertise adept~a ~1 des selles chenverfahren electrical machines. Part 51 - Noise

computers rd.verb~rantea ep<~cle/e$ BI. 10 ff: Besondere Vorachriflen f~ir levels
verschiedene Meschinensrten

(~SN 35 0000 Measurement of noise emitted by NF S 31-025 D~terrnin~tion de le p’~lesence India Indian Standards Institution.
electrical machines 1973 acou=tlque ~rnise par lea aourcea de VDI 2159 Getriebeger~usche (Messung, Beurtei- Manak Bhavsn,

(~SN 35 001~ Special testing methods for electriC;el bruit -- quetri~me partia -- m~thodes lung) 9 Bshsdur Shah Zafar Marg,

rotating machines, ill. Noise d’axpertile adept~es ~ des conditions
VDI 2568 Mesaung der Gsr~uschemiaaion yon New Delhi I

de charnp libra surle plan IS:4758-1968 Methods of measurement of noisemeasurement r~fl~chis~lnt BI. I -- 5 Beumeschinen
Entwurf emitted by rnachines

~SN 35 1080 Fundamental tests of power kfF S 31-028 D~terrnination de le puissance IS:609’8-1971 Methods of msesurernent of the1968 transformers and reactors 1973 ecou~tlque ~mise par lee sources de VDI 2570 L~rrnminderung in Betrieben -- Alge-
’~SN 36 1005 Noise measurement of dornestic bruit -- clnquibrne partie -- m~thode ;ntwurf rneine Grundlsgen

airborne noise ernitted by rotating
electrical machinery

electrical motor-operated appliances de laborstoira an sells an~,choique Verlag Stahleisen GrnbH. ’
(~SN 36 1006 Measurernent of noise emitted by NF S 31-030 Code d’essai pour I~ rneaure du bruit

4000P°~tf" D~Jsse~dorf8229
Japan Japanese1-24, Akaseka.Standards4 chorne,ASs°ciati°n’Mineto-ku

1969 large electrical household sppliancee !1575 s~rlen ~rnis par ]e~ rnarteaux-piqueurs Tokyo
at brise-b~ton. (Rernplace S 31-030, SEB 905001- DurchfOhrung yon Ger~tuschmessun-

Denmark Dansk Standardleeringar~d. mars 1974) 64 pen JIS B 1548 Sound pressure levels of ball and
Aurehajvej 12, N~: s 31-031 ~code d’essei pour le rnesure du bruit

(1960) roller bearings
2900 Hellerup SEB 905004- Abnahmeger~uachmeaaungen und Ab-

1975 a~rien ~mis par lee outils et machines 6~ nshrnebericht JIS B 6004 Method of sound level measurement
DS/~SO R.495 1 Retningslinier for uderbejdelse af pneurnstiquea (I 962) for machine tools

forskrifter for rn~ling af atej frs S 31-032 Mesura du bruit ~rnle par los engine Germany Amt fLir Standerdislerung der D.D.R..
rneskiner 1974 de terraesement et de levege -- D.D.R .) Mohrenstra~e 37a, Netherlands PoiakwegNederlanda5,N°rrnalisatie’lnetituut’

DS/ISO Akuatik. Besternmelse af lydeffekt- principas g~n&raux pour I’epplicetion 108 Berlin Rijawijk (Z-H)
R.3741 niveauer for stajkilder, des codes d’es~ais TGL 39-440 Pri~fvorachriften fiJr Fahrzeuggetrieba NEN 21680 Same as ISO R.1680-1970Pr~ecisionamotoder for brodb&ndakilder S 31-033 Code d’aseai pour le rnesure du bruit

TGL 39-703 Pr~fvorschriften. Auspuffgerausch-l i efterklengsrum 1974 ~rnle par lea polles rea~Caniquea ot Norway Norgas Standardiseringaforlound,
DS/ISO Ak~Jstik Besternrnelee af ~ydeffeb.t- hydreu~k~uet, conditions de dampfer, Verbrennungernotoren . H~kon 7. gt. 2,
R.3742 n veauer for ataJkdder, fo~ctionnement, emplacement des TGL 39-767 Verbrannungsrnotoren, Gsr~uschrnes- Oslo 1

Pr~ecisionsrnetoder for rentone, og }ointa de msaure aungen. Me(~verfahren NS 4808 Retningalinjer for utarbeidolse av
rn=’.leregler for stay fra maskiner (iokl.arnalb&ndekilder i ef~erklangal’urn S 31-O34 Co~ d’essei pour le rnesure du bruit

TGL 45-01248 Ger~uschmesaung. Bestirnmung der ISO R 495)Miljestyreleen 1974 ~rnie par lea chargeuses sur
Schallpegel an Heushaltofthrnaschinen

Kampmannsgade I pneumatiques, conditions de
1804 Kabenhavn V fonctionnarnent, emplacement des TGL 50-29034 Ger~iuschmessungen an rotiersnden Poland Poleki Komitet Norrna~izacji i Mist,

ul. Elektoralna 2.)oints de mesure elektrischen Ma$chinen, Richtlinien Warszswa 1R~or!, 2 Industrist~j (Industrial noise) S 31-035 Code d’essei pour le rnesure du bruit

France L’Association Frenasiaa de 1974 ~mia par lee b~tonnibrea fixes -- TGL 153-6011 W~lzleger, Laufgerausch, Mel~ve~’fah- PN-72 Electrical rotating rnachinery.
conditions de fonctionnernant at ran ~-O4257 ~ Determination of acoustic pararnetersNormelleatton (AFNOR),

Tour Europa, 92 Courdevoie ernplecernent des points de rneaurs TGL 153-6012 W~ilzlager, (Radial-) Rillenkuge/lager, ff noise

S"31-036 Coda d’e~sai pour le meaure du bruit Laufgeriiusch, zul~iasige Warts PN-75 i Appliances for dornestic and similar!NF S 30-006 R~gles .~n~rales pour la r~dection des 1974 ~troie par lee b~tonnibres port~ea --
TGL 21814 ~ahnradgetriebe Reihe I0 LA. Uberset- E-06260 ! purposes. Noise level. Exarninations

1966 codes d esseis reletifs & la rnesure du conditions de fonctionnement et 6173 zung 6.3 his 40. Angaban ~iber den ab. : and principles of fixing of admissible
bruit ~rnis par les machines emplacement d~s points de rnesure geslTahlten Schatleistungspegel

I level
,

NF S 31-006 Code d’essai pour le meaure du bruit S 31-037 Code d’essei pour la rnesure du bruit PN-72 Fans. Methods of noise determination
966 ~rnle par lee machines ~lec~riques 1974 ~mis par les groupaa ~lectrog~nes -- TGL 21815 Zahnradgetriebe Reihe 10 LA, 0berset- M-43120

tournentea conditions de fonotionnernent et 6173 zung 40 his 250. Angaban ~ber den

S 31-017 Code d’eseai pour le rnesure du bruit ~ emplacement des points de mesura abgestrahlten Schalleistungspagel PN-75 Earth moving machinery. Operator’s

872 herd des bateaux st navires S 31-O38 Code d’e~sei pour le rnesure du bruit TGL 27641 ~rofung yon Trsnsformetoren ab M-47015 stand. Admissible noise level and

NF S 31-018 Code d’essai pour le rneaure du b~’uit 1974 ~rnia par lee bouteurs -- conditions de BE 8 6,3 kVA, Bestirnmung des Gsri~iuschpe. methods of tests

973 ~rnia par lee bateaux de navigation fonctionnement et ernplecement des gels PN Machine tools for metals Test

int~rieure mints de mesure TGL 200-3110 t Elektr. Maschinen, Bestirnmung des ~V~-55725 methods and admissible noise levels
Polish Draft Standard for experimental

S 31-039 Code d’esaai pour le rneaure du bruit J                                            Ger~iuschpagels. 8egriffe. Pr~fverfah- application)-~F S 31-020 Code d’eseai pour la rneaure du bruit 1974 I~rnJs par lee chargeuses aur chalnes reR975 a~rlen drnis par lee groupes melee
-- conditions de fonctionnement et PN-75 Drived carriageway cars. Admissible

TGL 200-4504 t Elektrische Hausger~ite, Ger~uschrnes. M-78030 noise level and methods of testscornpresseurs. (Rernplace NF S 31-
ernplecernent des points de rnesure

isungen. Melt- und Prbfverfahren020. Novernbre 1970
S 31-042 Code d’esssi pour le rneeura du bruit PN-71 Noise of rnachines and equiprnent.

"~ 31-021 Rbgles d’esseis acouetiques en plate- !1975 a~rlen ~mis par lee pilonneuses TGL 22423-2 Rotierende elektrische Ma~chinen N-O1300 Methods for determination of acoustic
970 forms des ventilateurs ~ enveloppe vibrsntes /.969 Prbfverfshren Ger~uschrnessung ~erarneters
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Oficiul de atat pentru AGMA 298.01 Sound for gearmotora and in-line U.S.S. Komitet Standardtov, ISO/DIS 3744 Determination of sound power levelsRoumania Standarde. (1975) reducers and increasers " Leninsky Prospekt 9 b of noise sources -- Engineering
Str. Edger Quinet 6. 117049 Moskva M-49 methods for free field conditions over
Bucarest 1 American National Standards Inatitute a reflecting plane

1430 Broadway Gost 11929-66 Measurement of noise emitted by
STAS 7150-65 Methods of noise measurement in New Yor~. NY 10018 electrical’rotating machines end ISO/DIS 3745 Determination of sound power levels

industry transformers of noise sources -- Precision methods
STAS 7301-65 Measurement of noise emitted by $1.21 -1972 American national standard methods for anechoic and semi-anechoic rooms

for the determinstion of sound power Goat 8.055-73 State system for ensuring the IS0/DIS 3746 Determination of sound power levelselectrical rotating machines levela of small sourcea in uniformity of measuring. Machines.

South Africa South African Bureau of Standards reverberation rooms Measurement methods for the of noise sources. Survey methods

Private Bag X 191 Pretorie 0001 $3.17-1975 Method for rating the sound power determination of noise characteristics Laboratory teats on noise emissions by
appliances and equipment in waterspectra of small stationary noise Goat 15529-70 Ventilators for general purposes, supply installationsSABS 086- The measurement under acoustic sources Methods for determination of noise

1972 laboratory conditions of sound emitted $5.1-1971 Test code for the measurement of characteriatica Sound measurement procedures for
by sound sources (determination of sound from pneumatic equipment air moving devices connected to either
sound power levels under laboratory Goat 16317-70 Household refrigerators a discharge duct or an inlet duct
conditions) American Society of Heating, Goat 19358-74 Automobiles, trains, buses, Reverberation room measurement of

SABS 069- The measurement in the field of sound Refrigerating, and Air Conditioning motorcycles, scooters, motormounted sound from heating, ventilating end sir
1972 emitted by sound aourcaa Engineers bicycles. External and internsl noise, conditioning equipment

determination of sound power levels 345 E. 47th Street Maximum permissible levels. Methods Noise level measurement at theur,~er practical operating conditions) New York. NY 10017 of measurement operator’a workplace on agricultural

SWeaR Sveriges Sta~dardisarir~e- ASHRAE 36-72 Methods of testing for sound rating Goat 20444-75 "traffic flows in populated areas, treclors end fie~d machinery
kommision. Box 3295 heating, refrigerating, end air- Method of determination of noise Noise from earth moving machinery --10366 Stockholm conditioning equipment characteristic Determination of sound power level

SEN 330501 K0ksflt~ktar, best&tuning av kepecitet ASHRAE 68-75 Method of testing sound power Goat 20445-75 Building and structures of industrial The measurement of airborne noiseoch Ijudniv~ radiated into ducts from sir moving enterprises. Method of noisedevices emitted by compressor units including
SMS/ISO Miitning av luftburet buI~er avgivet measurements at workplaces :)rimemovers -- Engineering method
R.2151 fr~n motordrivne kompreasorer American Textile Machinery for determination of sound power level

aveedda for anv~ndning utomhua Association International International Organization for

1730 M St. N.W. Standardization, Noise from earth moving machinery --
SMS 965 Tr~bearbetningsmaskiner. m~tning av Washington, D.C. 20036 (~ .E.G.) 1. Rue de Varemt~, Measurement at operator’s workplace

buller, ber~kning av Ijudeffektniv~ Geneva, Switzerland
Determination of airborne noise

SMS 892 Byggmaakiner, matni~g av ATMA Noise measurement technique for 34-9 Rotating electrical machines, part 9 emitted by earth moving machinery to
bulleremission till omgivningen. Test Procedure textile machinery (1972) noise limits the surroundings -- Survey method
remissf0ralag 1973 1973)

SMS 2189 Motorkedjes~gar, meaning av busier
Compressed Air and Gas Institute International Standardization,lnternati°nal Organization for emittedDatermineti°nby civil°fengineeringairborne noiSeequipment
122 East 42nd St. 1, Rue de Varemb~. for outdoor use

Sveriges Menanf0rbund. Box 5506, New York, NY 10017 (~ .S.O.) Geneva, Switzerland Designation of noise emitted by11485 Stockholm Test code for the measurement of R.495-1 g66 General requirements for the machinery and equipment
BAS Ljudniv~test for svervar, fr~smaakiner, sound from pneumatic equipment preparation of test codes for Noise classification of equipn ant andfree- och borrverk saint borrmaskiner

National Machine Tool measuring the noise emitted by machinery
U.S.A. Acoustical Society of America (ASA) Builders Association machines

American Institute of Physics 7901 Westpark Drive R.1680-1970 Test code for the measurement of the
335 East 45th Street McLean, VA 22101 airborne noise emitted by rotating
NewYork. NY 10017

Noise measurement technique electrical machinery E, Measurement of Sound Transmission
ASA STD 3 Test-site measurement of noise
1975 emitted by engine powered equipment Institute of Electrical end Electronic R.2151-1972 Measurement of airborne noise LOSS and Building Acoustics

Engineers emitted by compressor/primemover
Air-Conditioning and Refrigeration 445 Hoes Lane units intended for outdoor use ArgentinaInstitute Piscataway. NJ 08854 3741-1975 Determination of sound power level of
1815 North Fort Myer Drive noise sources precision methods for¯ Arlington. VA 22209 IEEE No. 85 Test procedure for airborne sound

1973 measurements on rotating electric broad-band sources in reverberation 4063 Measurement of sound insulation in
ARI Standard Standard for method of measuring machinery rooms dwellings
575 (1973) machinery sound within equipment 3742-1975 Determination of sound power level of 4065 Measurement of sound absorption

rooms Woodworking Machinery noise sources -- Precision methods for coefficientsManufacturers AssociationAir Moving and Conditioning 1900 Arch Street discrote-frequency end nerrow-band
Association sources in reverberation rooms Australia Standards House,
30 West University Drive Philadelphia. PA 19103 80 Arthur Street,
Arlington Heights, IL 60004 WMMA Test code for evaluating the noise ISO Draft Proposals North Sydney

~MCA Standard Test code for sound rating Test code emission of woedworkiqg machinery ISO/DIS 3481 Measurement of airborne noise AS.1045-I 971Measurement of absorption
300-67

(I 973) emitted by pneumatic tools and coefficients in a reverberation room
-- Society of Automotive Engineers, Inc. machines - engineering method for

American Gear Manufacturers 400 Commonwealth Drive determination of sound power levels DR.75060 Method of measurement of normal
incidence source absorption coefficientAssociation Wsrrendale. PA 15096 ISO/DIS 3740 Determination of sound power level of and specific normal acoustic1330 Massachusetts Avenue, N .W.

Washington. D.C. 20005 SAE J952b SAE standard, sound levels for engine noise sources -- Engineering methods impedances of acoustic materials by

~GMA 295.03 Specification for measurement of
(1969) powered equipment

Partf°r specials: GuidelinesreVerberati°nfor theteStuseroomS’of basic
he tube method

1966) sound on high speed helical and SAE J1046 SAE recommended practice, exterior standards end for the preparation of DR.74163 Code of practice for building siting and
herringbone gear units II 974) sound level measurement procedure noise test codes construction against aircraft noise

-~GMA 297.01 Sound for enclosed helical, for small engine powered equipment ISO/DIS 3743 Determination of sound power level of
=ntrusion

1973) herringbone and spiral level gear SAE J1074 SAE recommended practice, engine noise sources -- Engineering methods DR72090 Standard method for the rating of
drives I(1974) sound level measurement procedure for specia! reverberation test rooms sound insulation for dwetlings
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Danak Standsrdiseringsrid VDI 2719 ISchslld~immung yon Fenstern P-670 Ac,3$tics, Determioe¢~o em c~tmsra 0DOC.979 Standard methods for field end Denmark 1968 reverberanta do coeficiente delaboratory measurements of airborne Aurehajve) 12 Germany Amt for Stsndsrdisiering der D.D.R.. absor~:~o ¯ da ires sonora equivalents ~"end impact sound transmission 2900 Hellerup Mohrenstrasaa 37a. Determination of sound absorption (.~
Austria Oeterreichieches Normungsinstitut DS/ISO R.140 Felt- og leborstoriem~ilinger af luftlyde (D.D,R,) 108 Berlin coefficients)

Leopoldsg. 4 og trinlyds udbredelse TGL 10687 Bauphy$ikslische Schutzr(~a~,nehmen,
1020 Wien

, DS/ISO R.354 Mtling af absorptionskoefficientar i BI. 1 -- 8 Schebschutz. Siahe S.2. Ubereicht dot Roumania Oficiul de stet pentru Standards,

B 8115 Hochb~u. Schalfschutz und H~rssmkeit efte~klangsrum Grundlogenetandsrds Sir. Edger Quinet 6,
Bucsrelt 1

B 8115 Schallschutz und Raumakustik im Statene Trykningekontor
TGL 10688 Melsverfshran der Akustik

Entwurf Hochbau BI. 1 -- 12 ;TAS 6156-68 E~uilding acoustics. Protection against
noise end vibration in buildings.

Landebyggaloven, ksp. 9. lydisoleringOst~rreichischer Arbeitaring for
(Building code, sound isolation) Great Britain British Standards ~nstitution. Regulation for design and performance

L~rmbski~mpfung, 2 Park Street, ~TAS 6161-60 Methods of measurement of noise in
Regierungsgebauda, Miljeltyrelsen London W. 1 ~uildinge
1012 Wien Ksmpmsnnsgede 1 BS~2750: Recommendations for field and ........

1604KdoenhsvnV 1958 laboratorymeaaurement of airborne STAS 8048-67 Meelurement of dynamic stiffnels of
0AL.Richtlinie Ger~tuscharme Wohn-. Krankenhsus* srK:l impact sound transmia$~3n in 1967 vibration absorbing materiels in
Nr. 8 und Hotelinetslletionen Publikation Btaj, bygge- og snl~ogsvirk~omhed buildings building acoustics

0AL-Richtlinie Schalltechnische Grundlagen flit die nr.B (Noise in building conalruction)
BS.CP352: Mechanical ventilation and air Sweden Sverigel Standardiserings-

Nr. 16 Errichtung yon Gaststatten und L’Aesocistion Frencaise de 1958 conditioning in buildings (contains a kommision, Box 3295Beherbsrgungebetrieben France Normalieation (AFNOR), section on sound proofing sod anti- 10366 Stockholm
0AL-Rk:htiinie L~rmminderur~ dutch Schallechlttk- Tour Europe. 92 Courbevole vibration devices) SIS 025251 Best~imning av Ijudisolering i
Nr. 17 kende Aueetsttung NF S 31-OO2 I Meaureo en aboratoire st cur place de BS.3638: Method for the measurement of sound byggnader

Belgium Institut Beige de Normalisstlon, 1956 !is transmission des sons a~riens at 1963 absorption coefficients (~SO) in a SIS 025252 Belt~mning ev Ijudisofering i
29 ev. de eraban~oone, des bruits de choce dens tel reverberation room. byggn~ler, f~ltm~tning
1040 Bruxellel constructions

BS.CP3:1972 Part 2: Sound insulation end noise SIS 025263 Metod for v~rdering av Ijudisolaring
NBN576.05- Melure en leboratoire de I’indica NF S 31-003 Moeure du coefficient d’ablorption reduction (in buildings) mellan rum i byggneder
1983 d’affalblieeement sux sons s~rlens 1951 acou~tique en salts r~/erb~rante

NBN576.06- ~Meaura "in eitu" de I’ieofement NF S 31-011 Code d’el~li pour le d~terminaflon en Hungary Magyar Szab’f~ny0gyi Hivatsl. SIS 517306 Ljudieolersnde d~rrar 25 de, 30 dB

1983 acouatique eux sons a<~rlene 1974 leboratoira de I’efftcacit~ dee
Budapest IX. UIIal or. 25 och 35 dB

rev~tements de sol en ce qui concerns
NBN576.07- Mesura an laboretoira de la Is r~duction dee bruits d’impact

M.E.-83-65 Technisohe Vorechrifien des Liber Fbrlag. Peck, 103 20 Stockholn"

1964 Irsnemt~lion scoustique dee bruits de Minieteriums for Bauwelen
choc NF S 31-012 Melure de le durra de r~verb~rstion SBN 75 Ljudklimat

Servizio Tecn|co Centrals. Kap 34
1973 des auditoriums Italy

Minletero det Levori Pubbftci,NAN676.08- Melura "in aitu" do la transmission
NF S 31-014 Code d’eleli pour la meSure du bruit Rome Svensk ByggtjanSto Box 1403,

1985 scoustiqua dee bruits de choc
1975 ~mis par lee ~quipemente hydraulk:lUel Circolare N. Criter~ di valutezione ¯ collando dei 111 84 Stodkholm ~

NBN576.QBo Mesuredu fecteurd’absorption doeb~timente 1769 requi$1tiacustldinellecostruzioni KBS 10-1968 tNormer farkontorsbyggnader1968 acoustique en ealle r~verb~rante NF S 31-015 Melure du bruit ~mis par la edlltzle �’~
NBN576.40- Crit~rel de I’isolatlon soni~ue 1975 robinetterie de puissge (sanitaire et Switzerland Schweiz. tngenieur- und
1966 b~timent) Netherlands Nederlande Normsfieatle-lnefituut, Architekten-Verein

Polakweg 5, �,~

Braail AssociacBo Braaileira de S 31-016 Maeura du bruit ~mie per Is Rijswijk (Z-H) SIA Empfehlung for Schallschut;: im Woh*
Normas T~cnica~ -- ABNT 1971 ro~inetterte de t~timent NEN 1070 Sound insulation measurement in Empflehlung nungsbsu ~OAv. Almirante Barroso 64 181-1970
Rio do Janeiro -- RJ Germany Beuth Vertrieb GmbH. 1975 dwellings

1000 Berlin 30, Burggrafenetr, 4 -- 7 NEN 20140 Same sa ISO R.140-1960 U.S.A. Acoustica~ and Board Products ~P.M.B.432 Medide local e em Laborat~rio de (B.R.D.) und 5000 K~ln. Ksme~.eetr. 2 -- 8 Association
Tranemi~o de Sons A~reoa ¯ doe NEN 20354 Same as ISO R.354 205 West Touhy Avenue
Ruidoe de Impacto (Metodo de Enesio) DIN 4109 Schsllsohutz im Hochbeu Park Ridge. IL 60068 ~,lBI. 1 -- 5 Norway Norgea Standerdiseringaforbund,

NB 101 Norms pars Tratamento Ac~stico em H&kon 7..gL 2, Osld 1 AMA-1 -II Method of test. Ceiling sound
IRecintos Fechedoe DIN18041 Hi~reamkeit in kleinen his mittelgro~en

R~iumen                                                                                                                    1987           transmission test by two-room method

C.S .S .R.       Office for Standards and                                                                                         NS 3051       Beltemmalse av IydisoleringMeeluramenta, OIN 52210 Bauskust~schs Pr0fungen. AM SPOc. Acoustical absorbers

11347 Praha 1, T, 1: Lull- u. Trittschalld~mmung, NS 4804 M~,ling av lydebecrp~jonsfsktorar i No. 11 (I 972) (~

V~clavskd Ndm~sti 19 MeBverfahren. T. 2: Pr0fst~nde. T. 3: 2.1974 ldsngrom
Air Diffusion Council

~SN 36 9B40 Measurement of sound insulating
Pr0fungen. T. 4: EinzahkAngaben Po|and Polski Komitet Normalizacji i Miar, 435 North Michigan

properties of building structures DIN 52212 Beltimmung des Schallabsorptionsgra- ul. Elektorslna 2, Chicago, IL 60611
00-139 - Werszawa

(~SN 36 8841 Measurement of reverberation time
des im Hallrsum AD-63 Measurement of room-to-room sound

1974 0~ 52214 Bastimmun9 der dynamischen Steifig- PN-70 Building acoustics. Soundproof (1963) ransmission through plenum air
keit yon Dammschichtell for echwim- B-02151 ~rotection for rooms in buildings Systems

(~SN 73 0525 Design in the room acoustics. General mends Estriche PN-51 Building acoustics. Terminology FD-72 Flexible air duct test code1964 ~rinciples DiN 52215 , Beltimmun9 des Schal~absorptionsgr a o a-O2153 (1972)
~9N 73 0526 Design in the room acoustics. Studios !des und der mpedsnz n Rohr PN-68 Building acoustics. Tests on acoustic

American National Standards Institute1968 and sound recording rooms B-02154 properties in building partitions
~SN 73 0527 Room acoustics proiects. Rooms for

DIN 52216
r~umenMessung dar Nachhallzeit in Zuh~rer- ~ 1430 Broadway

1973 cultural and school purposes. Rooms I Portugal Inepoc¢~lo Geral dos Produtos New York. NY 10018

for public purposes¯ Administrehve DIN 52217 Flanken0bertrsgung -- Begriffe Agricolel ¯ Industriaie (Rapartl¢llo
de Normsliza~:8o} $1.7-1970 Sound absorption of acoustical

rooms DIN 52218 Pr’~fung dee Ger~uschverhaltene yon Avenida de Berne -- 1 materials in reverberation rooms

~6N 73 0531 Protection against noise transmission Armaturen und Ger~iten der Wssserin- Lisboa -- 1 American Society for Testing and
in building stallation im Labor P-669 Acustice. Ensaio de transmiss~o dos Materials

(~SN 83 0635 Soured absorption coefficient DIN 52219 Messung yon Geri~usohen der Waaearo 1968 ruidos a~reos e de percuss~o (airborne 1916 Race Street

measurement in reverberation room installation am 8au and impact noise transmission) Philadelphia. PA 19103

250                                                                                                        251



~STM Standard method of test for impedance
R.354-1963    Measurement of absorptionC384-58 end absorption of acoustical materials

(Reapproved by the tube method coefficients in a reverberation room C.S.S.R. Office for Standards and Verkehrsblstt
~ Measurements,1972)

R.717-1968 Rating of sound insulation for 11347 Praha 1, Richtlinien for die GerauschmsesungASTM Standard method of test for sound dwellings V~clsvekd N~m~sti 19 an KraftfahrzeugenC423-66 absorption of acoustical materials in
{Reepproved reverberation rooms (ANSI S 1.7- Draft Proposal (~SN 28 1304 Noise measurement and evaluation of

Germany Amt f~r Stsndardisiarung der D.D.R.
Mohrenstraase 37s.

Measurement of reverberation time in 1975 town rail vehicles (D.D.R.) 108 Berlin
1972) 1970) ISO/DIS 3382

auditoriesASTM Standard definitions of terms relating
(~SN 30 0512 Meseurement of noise emitted by road TGL 39-852 Aussengeriiusche v. KfzC634-73 to acoustical tests of building motor’vehicles B!. 10 Mel~verfahren, Grenzwerteconstructions and materials
(~SN 30 0513 Measurement of internal noise emitted BI. 11 Innenger~iusche von KraftfahrzeugenASTM Standard recommended prsctice for

F. Measurement of Vehicle byrosdmotorvehic~ea undAnh~ngefahrzeugen. Me~verfah-E90-75 laboratory measurement of airborne
Sound transmission loss of building and Traffic Noise Denmark Miljestyrelsen f’en, Grenzwerte
partitions Ksmpmannsg~ds 1 BI. 12 Aussenger~iusche v. Anhitngefshrzeu~

ASTME336.71 Standardmeasurementrecommendedof airbornePractiCe~ound for Argentina I 1604 Kllbenhsvn V , gen. MeSverfahren. Grenzwerte

insulation in buildings Publikation 24 Staj. trsfikmidlsr (Traffic noise) Great Britain Britisk Standards Institution,
2 Park Street,ASTM Standard classification for 4071

E413-73 determination of sound transmission I (Noise. roads and railways)
class Australia Standards House,

80 Arthur Street, .Ststens Biltilsyn instruments use).ASTM Standard method of testing duct liner North Sydney No. 321 1989 Regulations 1969E477-73 materials and prefabricated silencers Bestemmalse om atejgrMnser sf BS.3539: 198,~Sound level meters for thefor acoustical and airflow performance DR,74073 Method for measurement of noise on i 19.2,a9 measurement of noise emitted byASTM Tenstive method of laboratory board vessels
Statens trykningskontor motor vehiclseE492-73T measurement of impact sound DR.74074 Specifications for the measurement of : 68,3425: 196~ Method for the measurement of noisetransmission through flonr ceiling noise emitted by vessels on i Nr, 255 Bekendtgerelse om forskrifter rood st¢j emitted by motor vehiclesassemblies using the tapping machine waterways, ports, and herbours

t
akibe af 17.6.75

Dept. of Env. i Ca/culation of road traffic noise 1975
(1971)

DR.75075 Standard method of measurement for France L’As~ociation Frar~sise de with amendment slip No. 1 AMD. 22ASTM Tenative recommended practice for
the determination of motor vehicle Normalisation (AFNORL 1968E497-73T installation of fixed partitions of light
noise emission Toqr Europe, 92 Courbevoieframe type for the purpose of

! India Indian Standards Institution,conserving their sound insulation
Australian Department of Transport = NF S 31-007 Mesure du bruit produit par lea Manak Bhavan,efficiency

Australian
I "Motor Vehicle Noise"

1965 v~hicutse automobiles 9 Bahadur Shah, Zsfar Marg,
Dept. of Housing and Urban New Delhi 1
Development Design NF S 31-017 Code d’esaai pour
Washington. D.C. Rule No. 28

I
1972 bord des bateaux et nsvirse IS:3028-1965 Method of measurement of noise

NF S 31-016 Code d’.essei pourA guide to s thorns, impact end Austria Oaterreichisches Normungainstitut
1973 ~mia I~ar lea ’~hiculse circulent lur Japanese Standards Association,structure borne noise contro~ in Leopoldsg. 4 Japan

multifsmily dwellings 1020 Wien rails 1-24, Akasaka 4 chorea, Minato-ku
NF S 31-026 Code d’eseai pour la mesure du bruitInternational Conference of Building S 5022 Larmemissionamessungen bei Schiffen 1974 I’int~rieur dee v~hicules circulsnt aur JIS D 1038 Noise teat method for m" torcycleaOfficials auf Binnengew~seern

rails (I 964)6360 South Workman Mill Road
Whittier, CA 90601 Oaterreichischen Arbeitsrtng NF S 31-040 Code d’esaai pour Is meeure du bruit & JIS D 1041 Acoustic tasting of horns for

UBC 35-1 Laboratory determination of airborne for Larmbekampfung, 1975 I’int~rieur dee v~hicules
sound transmission class (STC) Regierungsgebiiude,

UBC 35-2 Impact sound insulation
1012 Wien NF S 31-041 Mseure du bruit

0AL-Richtlinien I Mesaung des Ger~usches von Kraft-                        1975          demachinesl’°P~rataUregricolesSUr Ise tracteurs et
UBC 35-3     IAirborne sound nsulation field test

Polakweg 5.1000 Berlin 30. Burggrafanstr. 4 -- 7 Rijswijk (Z-H)U.S.S.R. Komitet Standartov, OAL-Richtlinie |Einfache Methods zur !~Jberwschung
{B.R.D.) und 5000 K~ln. Kamekestr. 2 -- 8Leninaky Prospekt 9 b, Nr. 2 Bfatt 2 Jim Verkehr

117049 Moskva M-49
OAL-Richtlinie |Msanehmen zum Schutz vor Strsssen÷ DIN 45636 Au~enger~uschmessungen an Kraft- NEN 20362 Same as ISO R.362

Goat 15116 Sound insulation. Method of Nr. 23 |verkehrslarm fahrzeugen NEN 22249 Same as ISO R.2249-1973measurement. Sound ins~lation factor Entwurf | DIN 45637 Au~.enger~uschmeesungen an Schie-
nenfahrzeugen New ZealandGost 16297-7C Building wares and materials. The

Belgium Institut Beige de Normalisetion,methods of acoustical tests
29 iv. de Brsbenconne. D]N 45638 Innenger~uschmeesungen in Schienen.

Measurement of noise emitted byYugoslavia    Official Gazette 11340 Bruxellsa fahrzeugen 1726:1962
motor vehicles. Gr 0NBN576.30- M~thode da meeure du niveau des DIN 45639 Innenger~uschmsesungen in Kraftfahr-

13 Aug 1970 Regulation on technical precautions 1962 bruits ~mis par lea v~hiculse zeugen Norway Norges Standardiseringsforbund,
and conditions for sound protection in Brasil Asso~ia~8o Braaileira de Normaa DIN 45640 Au~enger~uschmessungen an H~kon 7. gt. 2,
buildings T~cnicas Wesserfahrzeugen auf Binnengew~is- Osto 1

International International Organization for Av. Almirante 6arroso 54 sern    , NS 4806 M~ling av stay Ira motork eretsyer
Standardization, Rio de Janeiro -- RJ DIN 45642 Meesung ’,,on Verkehrsger~uschen Ink. SO R.362)

(I .S.O.)         1. Rue de Varembd, P.M.B 528 ~ Determine~:Bo dos Nlveis de Sore DIN 80061 Ger&uschmessungen auf Waseerfahr- Statens VegvesenGeneva. SwitzeHand
I ~mitidoe palos veicufos automotores zeugen 1972 Steyforskrifter for maskiner og bilerR. 140.1960    Field and laboratory measurements of      Reeolu~lo      i Di~rio Oficial Federal Nr. 6 de                                 VDI 2562       Schallmeasungen an Schienenbehnen                       som leveres til Statens Vegvesen

airborne and impact sound 448/71. | 10.01.1972 Medil;Bo de Ruidotransmission VDI 2563 Beetimmen der Ger~uschanteile yon
Produzido pot velculo 1974 Veitrafikkstey, forelepige retn linjer

Stral~eofahrzeugen mit Verbrennungs. ’for veiestatens holdning i aktuelle
kroftmaschine seker
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Kjeret,yfor- Rettledende toloreneegrenser for
skriftene 31 U.S.A. American National ISO Draft Proposals SFS 2879 Same as IEC 177 (1965)

veitrafikkstey (NIBR 0.1122) Standards Institute ISO/DIS 3381 Measurement of noise inside railbound SFS 2892 Same as IEC 303 (1970)1969 1430 Broadway vehicles
Sjcfsrtsdirektoratet, New York, NY 10018

Methods of measurement of noise SFS 2893 Same as IEC 318 (1970)Thv. Meyere gt. 7. $6.2-1973 Exterior sound teve~ for em:nNmobitee inside motor vehiclesOelo L’Association FrenCsiee de
1973 Forekrifter om vern mot stay ombord i $6.3-1973 Sound level for passenger cars end Method of control of noise emitted by France Normelisation (AFNOR),

skip light trucks stationery motor vehicles Tour Europe. 92 Courbevoie

Poland Polski Komitet Normslizscji i Miar, Society of Automotive Engineers. Inc Survey method for the measurement NF C 97-110 Magn~tophonee semi-profeseionnels
ul. Elektoralna 2, 400 Commonwealth Drive of noise emitted by stationary vehicles 1865 ou ~, l’usege du grand public:
O0-139 - Warszewa Warrende~e.’PA ! 5096 Measurement of noise emitted by ro~d Csract~ristiquee et m~thodes de

PN-71 Automobile vehicles. Test methods SAE J34 SAE recommended practice, exterior vehicles mseure (Enr.) (24 pages)
S-04051 and admissible outside noise level (1973) sound level measurement procedure NF C 97-130 Disquee moul~s et eppareils de
PN-71 Automobiles. Test methods end for pleasure motorboats OECD, Paris 1969 lecture: Ceract~ristiquee et n~thodee
S-04052 admissible inside noise level SAt= J47 SAE recommended practice, maximum de meeure (Enr.) (32 pages)

PN-74 Lorries. ~ouae= and trol|eybuaee, j (1975) sound level potential for motorcycles OECO Standard code for 1ha officiat testing of ! NF C 97ol 40 M~thodee de meaure dee bandes
S-47013 Drivers cab. Requirements SAE J87 SAE recommended practice. ~ound Standard agricuIturel tractors (Paris 1970) 1971 magnt~tiquee couoh~ee, et non

PN-75 Audible warning devices for privileged
(1973) level of highway truck tires Code

lecture~erfor~ea’mag n~.t~t iquep°ur I’enregietrementdu son (Enr.) et(201a
S-76006 motor vehicles. Requirements end SAE J98a SAE recommended practice, exterior pages)

tests (1975) sound level measurement procedure
for powered mobile construction NF C 97-210 Mapteteurs de modulation de

1967 fr~quenoe: CaractBri~tiquee etPortugal
SAE J184 SAEequipmentrecommended practice, qualifying G. Special Acoustic Equipment m~thodea de mesure. (Enr~) (16 pease)

P-708 AcrOstics, Proceeec de rnedi¢8o do (1972) e sound data acquisition system (ANSI NF C 97-310 Amplificateure: Caract~ristiques et

$6.I-1973) Australia Standards House, 1968 m~thodee do mesure (Enr.) (28 pegea)
1968 ruido emitido pot veiculo$ autorn~vei= 80 Arthur Street,

(Method to measure noise emitted by SAE J192a SAE recommended practice, exterior North Sydney I NF C 97-310 Additif 6 le norms NF C 97-310 --
¯ " add 1 d~cembre 1966 (Enr.) (2 pages)~ motor vehic ee) (1973) sound level for snowmobiles AS.Z43 |n=trumentation for audiometry - 1974Part 1-1971 Pure tone audiometers

Roumania Oficiul de stat pentru SAE J331a SAE recommended practice, sound
Standards, (1978) levels for motorcycles Part [I- 1970 Reference zero for the NF C 97-320 M~thodes de meeuree des
Str. Edgar Quinet 6, calibration of pure tone audiometers 1972 carect~ristiquee des microphones:

Bucareet 1 SAE J336a SAE standard, sound level for truck Part itl-1969 Reference coupler for the Preecriptions g~ndralee (Enr.) (34
(1973) cab interior calibration of earphones used in pages)

STAS ~ Permitted limits of noise emitted by audiometry
56661 -S2 fairway vehicles SAE J36Sb SAE standard, exterior ~ound I~et for M~thodes de mesures des

STAS ]           Acoustics in transportation. Method of (1973) heavy trucks end buses AS. I089-1971 Reference coupler for the ceractBriatiquee des haut-parleurs:
measurement of the electro-acoustic

6661-70 / noise measurements in railway SAE J377 SAE standard, performance of vehicle characteristics of hearing aid NF C 97-330 -- Preecripions g~n~ralea (5nr.) (24
| vehicles [ 1969) traffic horns earphones 1973 pages)

South Africa South African Bureau of Standards. SAE J672a Exterior loudness evaluation of heavy AS.1270-1975 ! Hearing protection devices NF S 31-001 Audiom&tre
Private t~g X191 Pretorle 0OO1 trucks and buses 1958

SAE J919a SAI~ recommended practice, sound
AS.1591 Instrumentation for eudiometry

Part 4-I 974 Mechanical coupler for NF S 31-O04 Oreille srtificielleSABS 097- Code of practice for the measurement (I 971) level measurements at the operator the calibration of bone vibrators used 19591975 I and limitation of noise emitted by station for agricultural end in hearing aids and audiometers
[ motor vehicles construction equipment Part 5-1974 Wide band artificial ear Germany Beuth Vertrieb BmbH.

1000 Berlin 30. Burggrafenatr. 4 -- 7
Sweden Sverigee stendardieeringe- SAE J886a SAE standard, sound level for DR.74156 i |nstrumentation for audiometry -- (B.I~.D.) und 80OO K~ln, Kemekestr 2 -- 8kommiSslon, Box 3295, I1972) passenger cars and tight trucks =Speech audiometers10366 Stockholm SAE JlOSO SAE recommended practice, subjective DIN 45620 Audiometer zur H~rschwellenbestim*
SIS 025131 ~ [1973) rating scale for eveluction of noise and C,S.S,R, Measurements,Office for Standards and mung

ride comfort characteristics related to 11347 Praha 1. DIN 45623 Audiometer fdr ReihenuntersuchungenSMS 2862 I Lsntbruk, lantbrukstrektorer och motor vehicle tires ,I sj~lvg~ende lantbruksmeekiner. V~clevskd N~m~stl 19
Great Britain British Standards [nat|tution.I MStning sv buller I~ fBrarplate SAE J1077 SAE recommended practice, (~SN 364808 : Tone audiometers 2 Park Street,

Liber F~rleg. Fack, 10320 Stockholm (1975) measurement of exterior eo~Jnd level 1968 London W. 1of trucks with auxiliary equipment
(~SN 368256 Artificieleera 9S.3171; 1968 Methodsof test of air conductionStetens Naturv~rdsverk; Riktv~rden fBr International Organization for 1966 hearing aidsbullet fr~n motorsporte- och International Standardization,bilprovningea nl~iggninger.

Remiesutg~ve 1974 (I,S.O.) 1, Rue de Varemb~. Denmark Dansk Standsrdiseringer~d BS.4009:1975 An artificial mastoid for the calibration
Geneva. Switzerland Aurehl)jve~ 12 of bone vibrators used in hearing aids

Switzerland EidgenBsaische Druckaachen 2900 Hellerup end audiometers
und Msterialzentrale, R.362ol 964 Measurement of noise emitted by

Bern 3 vehicles DS/IEC 118 M~ling ef tungh¢reapparsters BS.4668:1971 An acoustic coupler (IEC reference
elektrcekustieke egenskaber type) for the calibration of earphones

-- ~L~rmbek~mpfung in der Schwaiz.
R.512~1974 Road vehicles ÷ sound signalling

devices on motor vehicles, acoustic DS/ISO R.389 Akuetik. Standard nulpunkts~reference used in audiometry
EidgenOssisches Polizei-Dedartement standards and technical specifications ved kelibrering af tonesudiometre aS.4669~ 1971 An artificial ear of the wide band type

30 Okt. 1968 ~ R2922-1975 Measurements of noise emitted by DS/IEC 126 IEC referencekoble~ til m~linger p& for the calibration of earphones used

veesels on inland water-ways and tunghereepperatur, der bruger telefon in sudiometry
30 Okt. 1968 IWeieungen Liber die Geri~uschmeseun- harbours koblet til Cret red hj~elp sf ~lreetykker as.2497: Reference zero for the calibration of

I gen an Motorfahrzeugen R.2923-1975 Measurement of noise on board Finland Suomen Standerdisoimieliitto
)ure-tone audiometers. Part 1.2 & 3

I Bundesrat Bern vessels PL 205. 00121 Hetsinki 12 BS.2042:1953 An artificia! ear for the catibration of

Z7 Sept. 1969|Verordnung 0bar Bau und Ausr~Jstung R.3095-1975 Measurement of noise emitted by earphones of the external type

~,nhang 4 und 9~der Stressenfahrzeuge reilbound vehicles SFS 2876
I Same ss IEC 118 (1969) 9S 29801958 Pure-tone audiometers
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BS.4847:1972 Method of measurement of speed S3.3-1960 American national standard methods International
Standardization, 1974 determination and limitation offluctuation in sound recording and (R. 1971) for measurement of electroacoustical
International Organization for SABS O117

characteristics of hearing aids disturbance around an aerodrome dueI reproducing equipment (] .S.O .) 1, Rue de Varemb~.
9S.3860:1965 Method for measuring and expressing $3.6-1969 American national standard Geneva. Switzerland to noise from aeroplanes

the performance of audio frequency specifications for audiometers ISO Draft Proposal American Nationalamplifiers for domestic, public address U.S Standards Institute,
I and similar applications $3.7-1973 Method for coupler calibration of Meeaurem~tnt of sound attenuation of 1430 Broadway,

6S.2498:1954 Recommendations for ascertaining and earphones hear ng prdtectora New York, NY 10018
expressing the performance of $3.8-1967 American national standard method of $6.4-1973 Definitions and procedures forloudspeakers by objective (R.1971) expressing hearing aid performance computing the effective perceivedmeasurements

no ee eve for f yover aircraft noise
India Indian Standards Institution, $3.13-1972 American national standard artificial

Msnak Bhavan, head-bone for the calibration of Society of Automotive Engineers Inc.
9 Bahedur Shah. Zsfar Mars, audiometer bone vibrators H, Measurement of Aircraft Noise 400 Commonwealth Drive
New Delhi 1 $3.19-1974 Measurement of reel-ear protection of C.S.S.R. Office for Standards and Warrendele. PA 15096

IS:4406-1967 I General requirements for hearing aide hearing protectors and physical Mseaurement!, SAE ARP 796 SAE aerospace recommended practice,
attenuation of earmuffs 11347 Prahe 1, (1969) measurement of aircraft exterior noise

Netherlands Nederlends NormslisetieJnstituut. Vztclevsk~ N~m~sti 19 in the fieldPolekweg 5. Institute of Electrical and Electronic
Meesurement of noise emitted byRijawijk {Z-H) Engineers ~SN 31 0305
a rp snee

SAE ARP 865A SAE aerospace recommended practice,
445 Hoes Lane (1969) definitions and procedures for

NEN 20389 I Same es ISO R.389 Piscstaway, NJ 08854 Denmark Miljestyrelaen computing the perceived noise level of

New Zealand IEEE STD Recommended practices on audio and Ksmpmannagsde 1 aircraft noise

219-1975 etectroscoustics: Loudspeaker 1604 I~doenhavn V SAE ARP 866A SAE aerospace recommended practice,
measurements Publikation 25

Pure tone diagnostic audiometers,

function of temperature and humidity1674:1962 General service hearing aids. Gr S U.S.S.R. Komitet Standartov, L’Aseociation Fran~aise de for use in evaluating aircraft flyover
171 S: 1963 Bone conduction hearing aids. Gr B Leninaky Prospekt 9 b, France Normalisetion (AFNOR), noise
1719:1963 Heed-level hearing aids. Gr B

Moskva M-49 Tour Europe, 92 Courbavoie
SAE ARP 1071 SAE aerospace recommended practice,

1881:1964 Goat 10893-69 Electronic hearing aids S 31-008 M~thode de roprdssntation du bruit (1973) definitions and procedures for1973 des adronefs au voisinage d’un computing the effective perceivedGr B. Amendment No. 1. 1969 Goat 15762-70 Ear defenders. Hygienic requirements a~rodrome noise level for flyover aircraft noise
2233:1968 Pure-tone screening audiometers. NF S 31-029 Description et mesurage des proprt~t~a

Gr C , International International Organization for SAE ARP 1080 SAE aerospace recommended practice,
Standardization. 1973 physiques du bang sonique (1969) frequency weighting network for

Poland Polski Komitat Normalizecji i Mist, (I.E.Co) 1. Rue de Varemb~, Germany Beuth Vertriab GmbH. approximation of perceived noise level
ul. Elektoralna 2, Geneva, Switzerland 1000 Berlih 30, Burggrafenstr. 4
00-139 - Wsrazswa

118 Recommended methods for (B.R.D.) und 5000 K61n. Kamekestr. 2 -- 9 ISAE AIR 852 ’ SAE aerospace information report,
PN*73 Medical equipment. Clear tone
Z-70050 t claseificetion audiometers. General acoustical characteristics of hearing bung yon Flugpl~tzen _. J and approach noise_(.requirements and teats aids

SAE AIR 876 SAE aerospace information report, jet
Spain Instituto Nscional de Racionalizacion 119 Recommended methods for Great Britain Board of Trade (1965) noise predictiony Normelizscion amendment 1 measurements of the electro-

Sarrano Nr. 150. (1973) acoustical characteristics of hearing SAE AIR 902
Madrid 6 aids CAP. 335 Noise measurement for aircraft design (1966) determination of minimum distance

Board of Trade purposes including noise certification from ground observer to aircraft for118 M~todos racomendedos pare la medida 126 IEC reference coupler for the
1959 de las naracteristicas electroac0stices purposes acoustic tests

de los aperetos de correcci6n uditiva. (1973) measurement of hearing aids using
Nederlands Normalisatie-lnstituut SAE AIR 923 SAE aerospace information report,

.L En ray s 6n meansearph°nesof earC°Upledinsertst° the ear by Netherlands Po akweg 5, (I 966) method for calculating the attenuation
Modificaci~n n0m. 1 (1973) 177 Pure tone audiometers for g~neral

Rijswijk (Z.H) of aircraft ground to ground noise

177 Audimetros de sonidos puros pare (1965) diagnostic purposes NEN 20507 Same as ISO R.507-1970 landingpr°pagati°n during take-off and
1965 diagndstioos generalos 178 Pure tone screening audiometers NEN 21761 Same as ISO R.1761-1970 SAE AIR 1216 SAE aerospace information report.
179 Audimetro tamizador de tonos puros (1965) Norway Norges Standardiseringaforbund. (1972} comparisons of ground runup and

H&kon 7. st. 2, flyover noise levels1965 200 Methods of measurement for Oslo 1
Federal Aviation Administration.268-5 Quints parts: Altavoces (1966) loudspeakers

NS 4809 Metode for beskriveles sv fiystey i Washington D.C. 205911972
303 IEC provisional reference coupler for omr~tder ruodt en lufthavn (inkl. ISO318 Un oldo artificial de la C.E.I. de bands (1970) the calibration of earphones used in R.507) Noise standards

1970 ancha, pare el taredo de los audifonos audiomstry
NS 4811 Overv&kning af flystsy i omr~,der rundt

Aircraft type certification

International Organization for
utilizados en audiometria

318 An IEC artificial ear, of the wide band en ufthavn (inkl. ISO R.1761) International
Standardization,403 Ganersdores de set, ales de (1970) type, for the calibration of earphones

1972 frecuenciaa acOsticee used in audiometry South Africa South African Bureau of Standards. (I .E.C.) 1. Rue de Varemb~.
500 Hidr~fono patron CEI 389 Acoustics standard reference ~ero for

Private bag X191 Pretoria OO01 Geneva, Switzerland
1974 (1975) the calibration of pure-tone SABS 0115 The code of practice for the IEC Draft Proposals

U.S.A.
American National audiometers 1974 measurement of noise and Electro-acoustical performanceStandards Institute IEC Draft Proposal determination of disturbance from

requirements for aircraft noise1430 Broadway aeroplanes for certification purposes certification measurementsNew York. NY 10018 Supplement Recommended meti’~ds for SABS 0116 The code of practice for the procedure
S 1 5-1963 American national standard to IEC 118: measurement of electro-acoustical 1974 I for calculating basic noise parameters Frequency weighting for the
(R 1971) recommended practices for characteristics of hearing aids with I from ICAO aeroplane noise measurement of aircraft noise

~_ oudspeaker measurements automatic gain control (AGC) circuits
I certification data

D-weighting)
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International International organization for                                                                                                                                                                                                                  (~
Standardization,                                                                                                                                                                                                                              ~"
1, Rue de Vsremb~,                                                                                                                                                                                                         (.~I.S .O .)       Geneva. Switzerland

R.507-1970 Procedure for describing aircraft noise
around an airport

R.1761-1970 Monitoring aircraft noise around aneir~o. APPENDIX A
ISO Draft Proposals

ISO/DIS 3891 Procedure fo~ describing aircraft noise
heard on the ground (revision of ISO
R.507-1966 and ISO R.1761-1970) Stationary Random Signals
Meseursment of noise i,-taide aircraft

As demonstrated in Chapter 2, a stationary sinusoidal signal can be com-
pletely described’ by three quantities, the amplitude, the frequency and the
phase. It was further shown that a complex, but still periodic signal, com-
posed of many such sinusoids, could be exactly represented by a Fourier Ser-
ies. The instantaneous amplitude could therefore always be predicted from
the signal’sdescribing equation. A process which can be thus described is
known as deterministic; i.e. its instantaneous amplitude can always be pre-
cisely determined from its equation. Deterministic signals are made up en-
tirely of sinusoidal components at discrete frequencies, which in periodic sig-
nals, are always multiples of some fundamental frequency, but in quasi-peri-
odic signals, e.g. from several independently rotating shafts, are not harmoni-
cally related.                                                                   03

A great number of practical noise sources give rise to signals which can be
considered stationary, but are not periodic. Examples are jet noise, a~rody- ~

¯ namic noise, traffic noise, crowd noise, most music, and many types of indus-
trial noise. The amplitude of these signals does not vary in a periodic, and
therefore predictable, manner. In order to describe them adequately it is ne-            ~

X               ~ A tn = /’, tl + ~ t2 + ~ t3 + ~ t4                                             I

T

t

Fig.A 1 Time record of a random process
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cessary to introduce the concept of amplitude density instead of amplitude. In-
acoustic pressure can vary considerably from problem to problem. However, o~°

stead of~ being able to predict an instantaneous amplitude, we can now only
the best known amplitude density curve is that from a normal (Gaussian) pro-

assign a probability that the random signal will fall within a certain amplitude
cess, which is used as the model for many of the random processes .en-
counted in practice. The curve is shown in Fig.A2 and the amplitude density

range. . distribution is given by

The amplitude scale must be divided up into small intervals, AX, then the
proportion ofthetotaltimewhichthesignalspendsbetweenthe~/aluesofx

~ ((x2~F)2)and x + Ax can be defined in relation to the total time over which the signai
p(x) = -- exp

is being studied. (see Fig.A1). If P(x, x + Ax) represents the probability that
the signal amplitude lies in the interval (x, x + Ax) where ~T = standard deviation

/J = mean value

then P(x, x + ~x) = lira ~Atn
T~o T This curve may be considered as an e-x2 curve centred on the mean value/J

and scaled as follows.

where each Atn represents one of the time intervals in the sample T where
the signal lies between the amplitude values x and x + Ax.

1. Along the x axis it is scaled in terms of ~, the standard deviation from
the mean/J. For a zero mean, ~T is the RMS value of the signal, and

The probability density p(x) at the amplitude level x is this probability, di-                   the variance
vided by the interval width lax), thus giving a density i.e. ~ = x2dt = Arms

0
Then

’ P(x, x -t-/~x) 2. Along the p(x) axis it is scaled so that the integral under the curve for all I~.p(x) = lim ..
/~x _x is 1, i.e. the probability that x must lie between +=o

By varying the value of x from _=o to +=% p(x) can be plotted as a function of x.
The probability density curve describing the instantaneous amplitude of an Statistical Level Analysis

in the above section it was shown how the RMS value (or level) of a non-
7p (x)= o~exp[-~] deterministic fluctuating signal could be determined by applying statistical

techniques to the instantaneous amplitude values of the signal. The import-
ant overall characteristics of a random signal can therefore be described
adequately in terms of its average properties. Statistical methods can be ap-
plied, not only to the instantaneous value of the signal itself, but also to its
RMS value i.e. its level which, because of the fluctuating nature of the signal
and the finite observation duration, also varies statistically.

It is not sufficient to describe the sound level history shown in Fig.A3,
(which was recorded in a busy Copenhagen street), by any measurement
taken at any single instant in time, and some form of statistical description is
clearly required. Practical Statistical Noise Level Analyzers such as the Type
4426 resolve the dynamic measurement range into equal class intervals of

.... ~’-x width Ax (in this case 0,25 dB). The instrument samples the incoming sound
~_~ ~-~zo ~-o , ~ ,o ~ +20 ~ *30 ~,~3/

level at regular intervals, records up to 216 (65536) of these sampl.es in a

Fig.A2 The normalised Gaussian amplitude density curve.,
digital memory, and calculates the proportion of time the sound level spends

261
260

I hi



ooo..ooouu=ou~oooo=oooooo=~u=~oou.ooo~.o.=ouooooou in each of the amplitude intervals. This is the level distribution histogram and
dB(A) Steels=Kilt Br~ll&KJa~r can be read out directly from the digital display on the instrument’s front

~ ,~ ~    ~
~ ,~..~-

..~ .
panel, or automa.tically to a level recorder or alphanumeric printer. The

7~-~’%~’-~v"-~. [! , ."~ ..""-~ ,~. .i ’~/" "L’.P’‘ ~.h.... J!S "V"-= ~ ,"-~
shapes of these histograms varies widely from one type of noise to another,

~ ~ ~ .~;~ ’/, -~,.~,;;. ~ ¯ -~ ~, -v..".~ -~,; ,, ~, .. as shown in Fig.A4. Fig.A4a is taken from a motorway noise measurement
.... and shows a typical Gaussian shape. Fig.A4b shows the skew distribution ty-

5o pical of congested city centre traffic. Fig.A4c shows the highly skew distribu-
Traffic noise in Gother~ade

40 tion spread over a wide amplitude range measured in an office. The standard
.~ ~o,,~ ~ deviation, ~, and the mean value, p can be most easily obtained from this

type of presentation.
Fig.A3 Typical statistically varying sound level

There are however other ways of presenting the same information to more
easily bring out other factors. One of these is the cumulative probability plot.

oooo~u.~ou~o~oo~u~~ou~ooo~o~u~.~o~=o~o~oo This is a summation over many ~x intervals. If we move from right to left
~ ~,~.~ 8= ~,., ~.~ = ~i,,, along the sound pressure level axis of any of the probability distribution histo-

::~-s,~o= grams in Fig.A4, adding the probability as we do so, then we obtain the prob-
~: H ~Leq=77,l~’B(A)~ ability that the value at which we have arrived is exceeded. This appears as a
~30~_-

.JI ~Probabllity distribution stepped function which would become a continuous, smooth curve as the
~

I
~ --plot for traffic nol=e~_ ClaSS intervals are reduced to zero. A typical cumulative probability plot is rep-~on Helsinger motorv~y

10= roduced in Fig.A5. and should be compared with the amplitude density plot
~ , ~ ............ of Fig.A4b for the same data. From this graph important values such as L90,

~,0,oz ~7o~ LlO, etc. can be read directly. In the case of the 4426, these calculations
are done automatically, internally within the instrument. I~.

13,40 - 13,50:                         i

LL

~"-~|r~ Gothe~t~ time 1~;40 -- 13,5~

~5E ~ = ~60~ ’ ’ ] [ J ~Leq = 70,2 de(A);

"Ls0 = 69 0 dB(A) {

= 73,9 dBI(A)         ~ ~~ -=    "7 ~77-.,, !-,-. .... ~ ............
OPOtOZ I "30" I ’40" I "50’ ’ "gO .... 70’ ’ ’~0’ "gO’ "1go’ 110 dB(k) 770~70

~ I Fig.AS Typical Traffic Noise cumulative probability plot

APPENDIX B

~p010= "30’ ’ 40’ ’ ~ "50" " "~0 .... 70 .... 80 .... ~0 .... 100" ’ ’tt0 dB 7~0~ Decibel and Ratio Conversions

Fig.A4 Typical amplitude density plots I The following table has been prepared in order to facilitate the conversion
a) Gaussian - Motorway noise t from dB to sound pressure ratios and vice versa. However. with a slight modi-
b) Skew - Congested Traffic Noise ; fication it may also be used for dB to sound intensity (power) conversion and
c) Highly Skew - Office Noise I vice versa.
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dB .0 ,1 .2 .3 ,4 ,5 o6 .7 ,8 ,9 Numerical Example:

0 1,000 1,012 1,023 1,035 1,047 1,059 1,072 1,084 1,096 1,109
If the sound pressure is found to be 0,356 Pa. what is then the sound

1,122 1,135 1,148 1,161 1,175 1,189 1,202 1,216 1,230 1,245 pressure level in dB re. 20/~Pa.?

~ 1.259 1,274 1,288 1,303 1,318 1,334 1,349 1,365 1,380 1,396 Solution
1,413 1,429 1,445 1,462 1,479 1,496 1,514 1,531 1,549 1,567

5

1,585 1,603 1,622 1,641 1,660 1,679 1,698 1,718 1,738 1,758 P 0,356
1,778 1,799 1,820 1,841 1,862 1,884 1,905 1,928 1,950 1.972 - 17800 = 1,78 x 104

~ 1,995 2,018 2,042 2,065 2,089 2,113 2,138 2,163 2,188 2,213 Po 20 × 10-6
2,239 2,265 2,291 2,317 ’2,344 2,371 2,399 2,427 2,455 2,483

~ 2,512 2,541 2,570 2,600 . 2,630 2,661 2,692 2,723 2,754 2,786 From the table it is found that a pressure ratio of 1,78 corresponds to ap-
2,818 2,851 2,884 2,917 2,951 2,985 3,020 3,055 %090 3,126 proximately 5dB, thus:10 3,162 3,199 3,236 3.273 3,311 3,350 3,388 3,428 3,467 3,508

11 3,548 3.589 3,631 3,673 3,715 3,758 3,802 3,846 3,890 4,416
12 3,981 4,027 4,074 4,121 4,169 4,217 4.266 4,315 4,365 3,936 Sound Pressure Level = 5 + (4 x 20) = 85dB re. 20/zPa.
13 4,467 4,519 4,571 4,624 4,677 4,732 4,786 4,842 4,898 4,955
14 5,012 5,070 5,129 5,188 5,248 5,309 5,370 5,433 5,495 5,559 Soundlntensity (Power) Calculations.15 5,623 5,689 5,754 5,821 5,888 5,957 6,026 6,095 6,166 6,237
16 6,310 6,383 6,457 6,531 6,607 6,683 6,761 6,839 6,918 6,998
17 7,079 7,161 7,244 7,328 7.413 7,499 7,586 7,674 7,762 7,852 1) riB-to-ratio conversion:
18 7,943 8,035 8.128 8.222 8,318 8,414 8,511 8,610 8,710 8,810 Multiply the dB-value to be converted by 2 and proceed as under"Sound19 8,913 9,016 9,120 9,226 9,333 9,441 9,550 9,661 9,772 9,886 Pressure Calculations" above.

Note: The reference level is in this case normally (10-12 W/m2) which
As 0 dB corresponds to a sound I~ressure ratio of 1, and 20 dB to a sound corresponds to the intensity of a free progressive sound wave in atmos-

pressure ratio of 10, practically all ratio to dB conversions (and vice versa) pheric air with a sound pressure of 20/~Pa.
are possible by means of the table. Numerical Example:

If the sound intensity level is 83dB re. 10-12 W/m2 what is then the
Sound Pressure Calculations." actual sound intensity level in W/m2 ?

Solution
1) dB-to-ratio conversion: 83dB x 2 = 166 = (8 x 20) + 6.

Subtract a whole number of n × 20 from the dB value to be converted to From the table it is found that 6 dB corresponds to a ratio of 1,955.
give a positive remainder between 0 and 20. Look up the ratio in the Thus, the sound intensity level is:
table corresponding to the remainder. The value sought is then 10n x
value from the table x reference value. P = 1,955 x 10
Numerical Example:
If the sound pressure level is 74dB re. 20pPa. what is then the actual 2) Ratio-to-dB Conversion:
sound pressure (in/zPa)? Proceed as under "Sound Pressure Calculations" above and divide the re-
Solution suit by 2.
74dB = (3 x 20) + 1 4 dB. NumericalExample:
14dB corresponds to a pressure ratio of 5,012 (according to table). Thus If the sound intensity is found to be 5 x 10--3 W/m2 what is then the
when 20 log (P/Po) = 74dB, then: sound intensity level in dB re. 10-12 W/m2?

Solution
p = 103 x 5,012 po= 103 × 5,012 x 20 -~ 10-5pPa. From the table it is found that a ratio of 5 corresponds to approximately

14 dB, th us:
2) Ratio-to-dB conversion."

Divide the pressure ratio to be converted by 10n so that a number, A, is Sound Intensity Level - 14 + (9 x 20) = 97dB re. 10-12 W/m2.
obtained which lies between 1 and 10 (i.e. ratio = A x 10n). Look up the
number in the table which is as close as possible to A. Add the dB-value
(from the table) corresponding to this number to n x 20. The result is the
desired sound pressure level in dB.
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APPENDIX C                                                                                                                                 ~o
63125 315 500 800Hz 1,01,25 1,6 2,0 2,5 3,15 4,0 5.0 6,3 8,010,012,5 kHz

Loudness Determination According to Zwicker and Stevens } " ’ ’ ~
.~- , i ~~ I , ~ 70dB ~-- 65 "~t~ ~

(GF)|(GF)

The subjective loudness or loudness level is estimated from objectively mea-                   70        _ ~ ~     ,    , ~ _L._ ~ ,
t __L.- ~-- ---1sured sound pressure level data, which must be available in the form of a -~’ ~-~-- ~ --’ ’

sound spectrum, normally in I/3 octave or I/I octave bands. If the mae- ~
--..~~___~___~_sured spectrum is aveileble in terms of I/3 octeve data, use can be made of

an estimation method suggested by E. Zwicker. This is based on a set of -- --L-- ~ ~ --r- ----~ --. ~

graphs, 12 exam~es of which are shown in Figs.C ~ end C2. The c~ses of ~ree- -~- ~’~’~- ~ ~ ~ ~ ~ ~-’-~ 7._.~ ....~ __ -- ...a 0 3(

of several special graphs, which cover the large dynamic range found in ..-~.~_-~_ _-~.~ _,.----~--~ ~’5°~-~ ...._=___.~_
noise measurement in overlapping 30 dB ranges. The procedure contains ----~,:~ ~ ~~--~
three steps: -__ ::~: --~____ ~ .~ ....

..... "’-"~" ~ , ~ ~ ~-~-
Step I Select the appropriate graph and plot the measured 1/3 octave data ’~    40 , , ~’~-- ~ ~0 lC

onto it. Decide whether the sound field being explored is of the free- ._.,~.. 30=~:_._~E~_.._~,~_.1.3~=.--. ",-"~30 .-~;r__-~, ~ 70

field type (frontal sound), or of the diffuse field type, and then ~J ~---,~-- .....~.-..~--~2_0-.’-~--=’.:;:: ~.’---~,_-::_ ~.~. .,. ~,~ .-~--....~. ---.~ 1:50
choose the corresponding .chart which includes the highest third-oc- 45~0 280 450560 900 Hz1,12 1,4 1,5 2,24 2,8 3,55 4,5 5,6 7,1 9,0 14 kHz
tare band level measured. For 1/3 octave bands above 280 Hz (band
centre frequency 31 5 Hz) the band levels can be directly plotted on Fig.Cl. Frontal sound (40--70 dB)
the chart. However, because the critical bands in hearing have band- I~.
widths which are wider than 1/3 octave below 280 Hz, the third oc-
tave band levels in this frequency range are combined according to 63 125 315 500 800 Hzl,0 1,25 1,6 2,0 2,5 3,15 4,0 5,0 6,3 8,0 10,0 12,5 k~t:
the power law illustrated in Fig.2.22 of the main text, and expressed

~n~ !_, -- _.~_~ i~ ~-’ ,~ ’__~~~._~

"~,’-, ’ ~---~-- , ~-- .... ,    --

~’,~    , _~,__~___;__,

__ ~- ’15(
-~-- ’--~ ~’---~, -__L-’ --. ~ ’ ~-- ’Step 2 Connect the band level lines (see Fig.C5) and average the area en- __ ~

closed bythe "stepped"figure.

i ~ ~--~ ~ ~-~ -- ;"-’~7 .....

-- -r---

~’~-~-~ .110

The connections between the band levels are made as illustrated in --~---~--~-- ~
Fig.CSa. If the level in the next higher band is higher, a vertical line                                              ’L---- "3r-- ........ __.is drawn between the two levels, while if the level in the next higher

~~ ~_.__~                 .band is lower the two band leve~s are icined by a downward sloping __~ __ -k------~___
curve interpolated between the dashed curves on the graph. -- _~ ~7o; ~--                                                                 :::~ --- ~_ ~ ~ ;--- ~--8~

~.~__~,------~--- ~ .__---~= .....~,-- =,
The averaging is done by converting the area inside the stepped fi- "’-~--~--~ ,~o ,

(Fig.C5b).gure into a rectangle with the same base, i.e. the width of the graph

8°°1
::-~"i~"-’- :~o--~,;."           ’-’~- -’-~,:.T--’* ....

~-.’ ~ :~-- "’~-"    ~._._.. ~ 2~ ~--~ ~’ ~,_~.. ~L,. 5o

Step 3 Read the resulting total loudness value (in sones (GF) or sones GD)), 4590 280 450560 goo Hz1,12 1,4 1,8 2,24 2,8 3,55 4,5 5,6 7,1 9,0 14 kHz
or the resulting total loudness level value (in phons (GF) or phons
GD)), from the scales shown to the right of the figures C1 and C2.
The value is equal to the height of the rectangle. Fig.C2 Diffuse field(60--9OdB)
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................. St=Sin +0o3( S__Sm)
oo

- 112o. ~ where Sm is the greatest of the loudness indicesLoudne~~ ~ md,x ~or~- p~o~ S is the sum of the loudness indices of all the bands
~ -~s°~l 40~’.

3o St is the total loudness (in sones (OD), Octave Diffuse)

~    ~,~ ~,~, ~so,,~ ~ 2oo value can ~ conve~ed into a total loudness level value (in phons (OD)).

~~L~ "-~~
,,o It should be noted’ that the meth~ due to Zwicker can be used even when

~ ~ ~-~ - ~ the sound spectrum .is ve~ irregular and the sound contains pronounc~~ ~~~ ~ -~~~ I ~ pureto~es. The meth~ d~e to Steve~s, o~ the other hand, can only be us~
when the ~und s~rum is relatively smith, contains no pure tone, and

’ ~ . ~ a.~.~ "

, ....

5 1~ 2 5 I~ 2      5

Fr~ue~ Hz 1~ " mo~23 1~ 1~ Hz

Fig.C3 Contours of equal loudness index Fig.C4. Analyses of the noise from an electric shaver:
a) 1/3 octave analysis b) 1/1 octave analysis

From octave data the loudness (or loudness level) can be estimated by To demonstrate the use of the two methods consider the sound spectra
means of a method originally suggested by S.S.Stevens (I/I-octave data shown in Fig. C4. The two spectra were obtained from measurements on an
may, of course, also be constructed from more detailed analyses). Each oc- electric shaver; the sound field was very nearly diffuse. Fig.C6a shows how
tave band sound pressure level is converted into a loudness index by the the 1/3 octave data were transferred onto the appropriate Zwicker graph,
curves shown in Fig.C3. The various loudness indices found for each are while Fig.C5b illustrates how the stepped curve in a) is transformed into an
summed by the formula: equivalent rectangle. From the height of the rectangle the total loudness
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6,3 125 315 500 Hz 800 1,0 1.25 1,8 2,0 2,5 3,15 4.0 5.0 6,3 8.0 10.0 12.5 Hz value is found to be approximately 28 Bones (GD). The corresponding loud- ~o
o

, ~-F, [ --~ ~ ~ " ness level value is 87.5 phons (GD). "7
----~, ---~’

~     __     70
phon Bend center

__~ ’-----~_ , ~--~ dB, (GO) 31,5 63 125 250 500 1000 2000 4000 8000
~-- ~ __ ~    ~                                                         frequency Hz

~ ~ ......... ~ --~ ~ Bend
, -- -~--r----~ .~. _ ---~- ~+_~_ ~~ g5 pressure 40 42 40 47 54 60 58 60 72

~---___ --~ -- Loudness 0 0,16 0,37 1,44 2,84 4,8 5,2 7,0 17,5~ 90 index

---~- ~-~------~-- St = Sm + F 1~$ - Sm) = 17,5 + 0,3 x 21,8 = 24 Bones
-- ~ ~ ""~ " 24 sone~ -* 86 phons

7~_~’~ I ’J    ~ ~ ~ ~--~ Fig.C6 Measurements of electric shaver noise

’--’~"T~"’--:~’’ ~ ’ Fig.C5 shows the conversion of the 1/1 octave band pressure levels to Ioud-
L.,.~__~-- ~ ’70 hess indices, together with the calculation of the overall loudness according

to Stevens method, using the equal loudness index contours of Fig.C3.

90180280450560710900Hz1.121,4 1.8 2,24 2,8 3,55 4,5 5,5 7,1 g,011.214kHz

APPENDIX D
6.3125 315 500 Hz 800 1,0 1,25 1,5 2,0 2,5 3,15 4,0 5,0 6,3 8,010,012,5 kHz

----~ ~ ~, ~ ~ ,on, ~o, Prediction of Noise Levels in an Enclosure from Sound Power Data
t --~ ~ (GD) "(GD

-~ --~ -~--- ~ " ’~-’" ,
-- t ~o- As explained in section 5.1.1 sound power data is primarily used for set-

........... -~--~--~ -- t --~-- ting upper limits on machinery output levels, and for comparison purposes
’ --’~- -- -- ’ --~-- when developing quieter equipment or noise control measures. However, it

t --w-~ .... ~ ~ ~__ ~ 40-.
--~-- -r-----~    __ ~__---~- ~ ._~ __ ~0 may also be used to predict the sound pressure levels in an enclosure at a
~-- -~- t ~-- -~-~--~-- -- i distance from the source. This can provide a useful estimate of the subse-

-~ -L’-J---~----~c ---- ------ - ~--" ~ quent sound levels in, for example, factory premises where noisy machinery
~- --~-- ~ ~ ~- "-~ --J, -- - is to be installed.

:<<-~:<~ .:+:. ~. ~,-~’~’~’~’~ 20-. Clearly, the sound pressure level at a particular point in a room depends
>>" ;";: ~ =" ~ ~ ~ .: 8o upon its distance from the sound source and upon the acoustical environmen-

’~’~ ~’:"; ~ ,~ ~ : tal conditions (i.e. near field, free sound field, reverberant field, semi-reverb-
,,u, ~ ’~ ~-~ ~\~’~, ~,, ~ erant field). Also the directively index (D.I.) of the source plays a role. The di-

~ ~__ ~, ~t ~ ~ ~’~ ~ ~ ~ }60 reotivity index is often stated in practice in the form of a directivity factor, O,
~ ~’~’~ ~ ~20: ~ ~ ~’x~ ~’~ ~ which, in contrast to the directivity index, is a linear quantity.~.. ;.~.<,. ~-~ ~\-~ ....... .

90180280 4505~0710900Hz1,121o4 1,8 2,24 2.8 3,55 4,5 5,6 7,1 g.011,214kHz
The mathematical relationship between the sound power level (Lw) emitted

Fig.C5 Calculation of loudness level according to Zwicker’s method from the source and the mean sound pressure level Lp in a semi-reverberant
a)The I/3 octave data from Fig.C4 have here been transferred enclosure is:
to the appropriate Zwicker diagram
b) Averaging of the stepped curve, showing how the equiva- Lw = L~ + lO /oglot ,Q~ + 4~l
lent rectangle is obtained. The loudness and loudness level \e~r- /~/

are indicated on the right-hand scale ~..’~" ,~,’°"" /.’-

/:,~.x,: .~~ ......

~... ¯ ...
~, ,"?~" ~_/ .7...) ..~.,~.,..~ 271270                                                                                                                                  "     .:

~._// ’’( *"     "



where Lw Lp and r have the same notational meaning as stated in Chapter is plo~ted against the distance, r, from the sound source in meters, with vat-,
5, section 5.1.2o (2 is, as mentioned above, the directivity factor, and R is a ious values of the room constant, R, in square meters, and directivity factor,
constant determined by the sound absorption of the room surfaces: Q, greater than Unity as parameters. It can be seen that for a specific room

constant, and directivity factor, the sound pressure level at a distance r is
,S’~ given by the sum of the ordinate in the figure and the sound power level.

R = -’--’~
1 - ~( With regard to the directivity factor it should be noted that when a machine

is installed in the middle of a room, and on a hard surface Q =, 2. If it is in-
Here: S = total surface area of the room in m2 stalled at the floor close to a wall, i.e. at an "edge" Q =~ 4, and if it is in-

~’= average energy absorption coefficient of the surface of the room. stalled in a corner Q -= 8. Although these figures are somewhat rough esti-
mates ignoring the detailed radiation characteristics of the machine, they

The physical meaning of the above expression for the mean sound pressure may serve as useful guides for practical estimation purposes at low frequen-
level, Lp, may best be appreciated with the aid of Fig.D.1. Here the quantity cies. ~ .........

¯ / It should also be noted both from the formulae and from the figure, that
lO /oglo14~2 -F ~) /th. e case where R=~ (complete sound absorptionl and Q= l correspondsto

Ithe free suspension of a non-directional sound source in -open air (acoustic
Lfree-field conditions).~

° I~~ ~ek~,~ ~ II
To further illustrate the use of the curves, Fig.D.l, consideran arbitrary

case where R = 500 and Q = 2. From the curve it can be seen that the sound
pressure level at a distance of 1 meter from the source is practically the

-5 I ] I~ \x N ,~ sameasitwouldbe if the roomwas notthere(thedifference ,slessthan~ 1 dB). The sound pressure would, however, be the same in all positions in
the room at a distance greater than 5 meters from the source. Therefore a

-lc ,    "=~-- ’"~- I machine operator standing very close to a machine will very little b~ ~efit if

~ ~’~" i~’~’

i

the room is made more absorbent, but a worker at a distance will experience
~,,’.~e;~?; I._~,~ a reduction of 3dB sound pressure level for each doubling of the room con-

"\,~"-~ ~":~ ’T,;                 I~-1.=

"~]",~,’~1!.,~ "’~~’~’~ ~ "~ ,~[’~’~"~,~/

stunt R. It should also be noted that the parts of the curves determined by the
~

,,,, L, ~
\\\ reverberant sound field are nearly independent of Q.

’ X/ I’JTtFt’~,~-z~t ~ -~ ;=
It is obvious, however, that the direct sound field extends to a greater dis-

~ ~\ ~l~f~Jl\~e~ ] \~ tance, the greater the value of Q.

\" I~. I FI.,,,~,~’I,, ",_~ In order to make use of the curves, Fig.D.1, in actual practical cases, it is

~

/ I’[~~ "1        /~,J,.~J" ~ \ ,~,, ~ ~,

necessary to determine the room constant, R, for the room in question. To do
,- \ ~. so the volume of the room V in m3, its total surface area, A in m2, and its re-

. ,~,. ",., "’, verberation time, T, in seconds, must be known. Then

"’-"--" --" v
-35                                          \                                                            R -. T    V

o.~ ~.o ~o ~oo ~oo
O. 16 A

Distance from acou=tic center of a directional =oume r in meter=

Fig.D. 1. Chart for determination of the sound pressure level in a large room
as a function of the distance from the sound source. The room con-
stant, R, and the directivity factor, Q, are plotted as parameters
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